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INTRODUCTION 


Monolithic voltage regulators have been around for about a decade. A 
considerable effort has been devoted to linear voltage regulators by 
major IC manufacturers over the last few years, with recent emphasis 
primarily concerning 3-terminal voltage regulators. 


Of the various regulators introduced in the late sixties, one device 
emerged as the industry standard: the 4A723. A simple building block, 
this circuit provided low output currents (by today’s standards), required 
several external components and a fair amount of design considera- 
tions. At last count, this product is produced by over a dozen manufac- 
turers. The emergence of 3-terminal regulators (4%A7800, ~A78C, 
. #A78M, uA78L, 2A7900, »A79M) in the early seventies opened a new 
avenue for regulators. Circuit complexity moved from outside to inside 
the linear chip. Designers had at their disposal positive and negative 
regulators with output currents up to 3 A in a variety of packages but with 
a limited number of fixed output voltages. The output voitage limitation 
was solved by the introduction of the adjustable 4-terminal regulators 
(78G, 78MG, 79G, 79MG) in the mid seventies. Energy conservation 
programs of recent years have forced designers to be more conscious 
about wasted power and as a result they have looked into switching 
regulators. As a matter of fact, there are major switching regulator 
design efforts in progress at various IC manufacturers as this book goes 
to press. 


The use of IC regulators is increasing at a rapid rate as the usage of 
semiconductors is widening. Today, regulators are being used in a 
variety of applications too numerous to list here. Fairchild is the industry 
leader in voltage regulators and in fact, Fairchild regulators have be- 
come industry standards. 


This edition of “The Voltage Regulator Applications Handbook" signific- 
antly different in format, covers a larger selection of products and appli- 
cations than the 1974 edition and is intended to familiarize the designer 
with the various regulators available from Fairchild as well as helping 
him select the correct regulator circuit for his application. At the front of 
this book is a complete regulator selection guide supplemented by an 
industry cross reference. Chapter 1 describes the various blocks used in 
regulators as well as the circuit descriptions of the individual regulators. 
Chapter 2 covers testing procedures and reliability programs. Chapter 3 
is devoted to regulator applications, and includes several important 
precautions required in the design of regulator circuits. Chapter 4 offers 
power supply design assistance, such as the selection of transformer, 
rectifier and filter capacitors. Chapter 5 is devoted to power transistors 
and Chapter 6 outlines the thermal considerations necessary with IC 
regulators. Technical specification for all Fairchild regulators make up 
Chapter 7. Definitions, packaging, mounting hardware and ordering 
information are found in Section 8. 
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VOLTAGE REGULATOR SELECTION 


The selection of the proper regulator is not a simple decision and very much depends on the system 
requirements and the limitations imposed by the system. There are no set rules; the selection process 
may vary from one application to another and even from one designer to the next. The following steps are 
recommended as a guide: “ E 


1. Determine the required output voitage Vout, output voltage tolerance, and maximum output cur- 
rent lout(max). These three parameters somewhat narrow the selection. For instance, a system 
requirement of 1% output voltage tolerance may preclude the 3-terminal regulators since these 
devices are speciffed with a 5% tolerance over the operating temperature range unless a special 
selection is made. 


2. Using the Quick Selection Guide below and the Selection Guide by Output Current along with Table 
6.2, make an initial selection. 
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Quick Selection Guide 





3. Determine the required input voltage such that 
ViIN(max) > Vin > VouT(max) + Voo(max) + AVL + VRipk) 
where: 
Vin(max) = Maximum allowable input voitage 
Vin = Regulator input voltage under load = 
VouT(max) = Maximum output voltage of the regulator 
Vpo(max) = Maximum dropout voltage 
AVL = Maximum line voltage change 
VA(pk) = Peak ripple voltage. 
4. Ifa filtered dc supply is not available, refer to Chapter 4 for the power-supply design. 
5. If a filtered supply is available, or if the selected voltage gives an input-output voltage differential 
greater than 7 V, check the safe-area characteristics of the device chosen on the “Peak Output 
Current as a Function of Input-Output Differential Voltage” graph from the data sheet to ensure that 


sufficient load current is available from the regulator with the chosen input voltage. 


6. If the current available is insufficent, either lower the input voltage, choose a device with a higher 
rating or use a booster circuit (sée Chapter 3). 


7. Determine the maximum ambient temperature, Ta(max), and select an operating junction tempera- 
ture equal to or less than Ty(max), keeping in mind that the lower the operating junction temperature, 
the higher the reliability but the greater the heat-sinking requirement. 


8. From Chapter 6, Thermal Considerations, determine the heat sink requirement for the selected 
regulator. 
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A104 Adjustable -0.015 190] TO-100 7-123 
Negative -40 

uA105 Adjustable 0.012 190 | MINI DIP 7-117 
Positive 40 | 190] TO-99° 

nA1091 Fixed 7 4.7 1 1 TO-3 ~47 
Positive 35 5.3 

pA2092 Fixed 7 4.7 1 TO-3 
Positive 35 | 5.3 

pA304 Adjustable 8 0.1 190 | TO-100 7-123 
Negative -40 

pA305 Adjustable 8.5 190] MINI DIP 7-117 
Positive 40 190| TO-99 

pA305A Adjustable 190] MINI DIP 7-117 
Negative 190} TO-99 

2 A309 Fixed 2 TO-3 7-51 

, Positive 

pA376 oad 190} MINI DIP | 7-117 
oad 190} TO-99 

pA723 190} TO-100 7-110 

160] C DIP 
190| P DIP 

pA7805 ae | TO-220 7-34 
ae | TO-3 

pA7806 Fixed 5.75 TO-220 7-34 
Positive 6.25 TO-3 

pA7808 Fixed 7.7 1 1 TO-220 7-34 
Positive 8.3 TO-3 

uA7812 Fixed 11.5 1 TO-220 7-34 
Positive - 12.5 TO-3 . 

wA7815 Fixed 17 |. 14.4 1 TO-220 7-34 
Positive Ke 15.6 TO-3 

pA7818 Fixed 17.3 1 TO-220 7-34 
Positive 18.7 TO-3 

pA7824 Fixed TO-220 7-34 
Positive TO-3 

pA7885 Fixed 8.2 TO-220 7-34 
Positive 8.8 TO-3 


NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon 
request. Refer to specific data sheet for details. 
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VOLTAGE REGULATOR SELECTION-GUIDE 
BY DEVICE NUMBER 
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vwA78CO08 |Fixed 11 7.7 Power" 7-14 
Positive 35 8.3 Watt 
‘pA78C10 jFixed 13 9.6 46 Power’* 7-14 
Positive . 35 10.4 Watt 
uA78C12 |Fixed 11.5 Power" 7-14 
Positive °12.5 Watt 
uwA78C15 | Fixed 14.4 46 Power" 7-14 
Positive 15.6 Watt 
pA78C17 |Fixed 16.3 Power* . 7-14 
Positive 17.7 Watt 
uA78C18 |Fixed 21 17.3 Power* 7-14 
Positive 35 18.7 Watt . 
uwA78C20 | Fixed 19.2 Power* 7-14 
Positive 20.8 Watt 
wA78C22 | Fixed 21.1 Power" 7-14 
Positive 22.9 Watt 
nwA78C24 |Fixed a 1 Power* 7-14 
Positive Watt 
wA78C82 {Fixed ve by 7.9 Power" 
Positive 8.5 Watt 
pA78CB {Fixed 13.3 TO-220 
Positive 14.4 TO-3 
pA78G Adjustable S 5 0.75 80 | Power* Watt | 7-90 
Positive 47 | TO-3 
wA7BHOS | Fixed 4.8 TO-3 
Positive 3.2 
pA7B8HOSAI Fixed TO-3 
Positive 
pevelite Fixed 11.5 3.5 TO-3 
Positive 12.5 
uA7BH15 | Fixed TO-3 
Positive 
uA78HG | Adjustable TO-3 
Positive 


NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon 
request. Refer to specific data sheet for details. 


*Similar to TO-202 
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VOLTAGE REGULATOR SELECTION GUIDE 
BY DEVICE NUMBER i 
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= oO 
wA78LO5 | Fixed 7.2 _49 190; TO-39 
_ | Positive 30 180] TO-92 - 

pATBLO9 {| Fixed 8.64 190| TO-39 7-3 
Positive 9.36 180} TO-92 

pA78L12 | Fixed *14.2 11.5 190}; TO-39. 7-3 
Positive 30 12.5 180) TO-92 

wATBL15 {Fixed 17.2 14.4 0.1 190] TO-39 | 7-3 
Positive 35 15.6 180} TO-92 

pA78L18 | Fixed 17.3 0.1 1 190} TO-39 7-3 
Positive 18.9 180} TO-92 

pA78L24 | Fixed 190} TO-39 7-3 
Positive 180| TO-92 

wATBL26 | Fixed 2.5 0.1 1 190} TO-39 . 7-3 
Positive 2.7 180] TO-92 

pA7BLE62 | Fixed 8.4 1 190} TO-39 7-3 
Positive 30 180] TO-92 

pATBL82 | Fixed 10.4 7.9 190} TO-39 7-3 
Positive | 30 8.5 180} TO-92 

pA78M05 7.5 1 70 | TO-220 7-22 

35 185] TO-39 
80 | Power Watt* 





















pA78MO06 | Fixed 5.75 70 | TO-220 7-22 
Positive 6.25 185) TO-39 
80 | Power Watt* 
. pA78MO8 | Fixed 7.7 70 | TO-220. 7-22 
Positive 8.3 185] TO-39 
80} Power Watt* 
pAT8M12 | Fixed 14.5 11.5 1 1 70 | TO-220 7-22 
Positive 35 12.5 185} TO-39 
80 | Power Watt* 
pA78M15 | Fixed 17.5 14.4 1 70 | TO-220 7-22 
Positive 35 15.6 185} TO-39 
80 | Power Watt* ] 
2 A78M20 19.0 70 | TO-220 7-22 
Positive 21 185} TO-39 
80 | Power Watt" . 
7-22 


nA78M24 | Fixed 70 | TO-220 
Positive 185} TO-39 
80 | Power Watt’ |. 


NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon 
request. Refer to specific data sheet for details. 


*Similar to TO-202 
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VOLTAGE REGULATOR SELECTION GUIDE © 
BY DEVICE NUMBER | 





(°C/W) 
Max 


185 | TO-39 
80; MINI DIP 
80 | Power Watt* 


DEVICE 
Function 
and 
Polarity 
Input Voltage 
Range (V) 
Output Voltage 
Range (V) 
Max (A) 
Line Regulation 
Quiescent 
Current (mA) 
Ripple Rejection 
Min (dB) 
Max (V) 
Packages 
Data Sheet 
Page 


< 

° 
= 
= 

S 

a 
© 
x 

3 
a 





Output Current 
Dropout Voltage 






me 
r= 
x) 


HAT8MG | Adjustable 75 


Positive 


7.5 
40 
pATBPO5 | Fixed 
Positive 
#A7905. | Fixed -7.3 -78 
Negative -35 
nA7906 Fixed -5.75 TO-3 7-78 
Negative 6.25 TO-220 
pn A7908 Fixed “7.7 TO-3 -78 
_| Negative -8.3 TO-220 
pA7912 Fixed TO-3 7-78 
Negative TO-220 
pA7915 Fixed -17.6 TO-3 -78 
Negative -35 TO-220 
pA7918 Fixed -20.7 | -17.3 1 TO-3 7-78 
Negative -35 ~18.7 TO-220 
#A7924 =| Adjustable 27 
Negative 40 
pA7T9G Adjustable 7 
. Negative 40 
HATSHG | Adjustable 7 
Negative . ~40 
7.5 
i 5 
7.35 
35 






oO 


aod, 
4H 
oo 
rm © 
NR 
© 

baat | 


=~ 
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70 | TO-220 7-66 
185 | TO-39 
BATOMOG | Fixed -7. ~5.75 70 | TO-220 7-66 
Negative - 6.25 185| TO-39 
#A79MOB | Fixed -7.7 
Negative -8.3 


70 | TO-220 7-66 
i 185] TO-39 
BATOMT12 | Fixed -11.5 1 
Negative -12.5 


#AT9M0S | Fixed -7. 
Negative 3 


70 | TO-220 7-66 
185 | TO-39 
#A79M15 | Fixed -16.7 70 | TO-220 7-66 
Negative -35 185] TO-39 
#A79M20 | Fixed 
Negative 185| TO-39 


70} TO-220 7-66 
NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon. 
réquest. Refer to specific data sheet for details. 


. “Similar to TO-202 
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BY DEVICE NUMBER 















» |2 - |§ I§ s |@ | ¢@ 
Papen) 
w c by 8>|\=> z=—- is |f eEisSaliscs Max S : 
= = Dt Se |>o | O~ las aslso|sTl/>— ao 
ro] ~ s rea 3f\ie=z/is 
| = > 

o |e * [be] gee" le lg [eset e° = 16 

= —_ - = 

o |}o {5 |8 Sle Ia 





.p4 70 | TO-220 7-66 
185} TO-39 
25 | 185| TO-39 7-102 
: 80] MINI DIP 
80} Power Watt‘ 


pA7T9M24 | Fixed -26.1 
Negative -40 

Eee 

TYP) 


Ce 
pA7SMG | Adjustable -7 
Negative -30 
S$H123 Fixed 
Positive 
SH223 Fixed 
Positive 
SH323 Fixed 
Positive 
SH1705 Fixed TO-3 
Positive 


NOTE: Only commercial part numbers are listed. Military, automotive and industrial temperature range devices are available upon 
request. Refer to specific data sheet for details. 
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VOLTAGE REGULATOR SELECTION GUIDE 
BY OUTPUT CURRENT 
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Fixed Positive 100 mA 









2| vA7ALOS 150 | 60 | a1] 55| 7.2035 | 22 
sfwaacez_| 62 lov 175 | 80 | ao[ ss] sates | 22 | 
‘{uaraus2_| 82 [o.v| 175 | 20 | 39] 55 | to4toas | 22 
5|ua7acog | 90 |c.v| 188 | 11.210 35 | 2 


6] »A78L12 
7| uA7B8L15 
8) u.A78L18 
9} uA78L24 
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Fixed Positive 500 mA 


s[so[w | ~] » [a] so] sows [as] 7m 

[soo [2] 60 | 75035 | 25 | 729 
Peo [| | oso] 60] sot | 25 | 7-2 
Peo | c | 100 | 120 [se] 60] a5t035 | 25 | 720 
0 | [ss] 60] 111095 | as | 720 
Tiostos [as | 720 


7-14 

7-14 
25 | 7-22 

| 1sto3s | 30 | 7-14 
| 25 | 
25° 


18 to 35 7-22 
5 100 | 300 17.5 to 35 7-22 
1 Operating junction temperature range: 


C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range, 
-40°C to +125°C; M = Extended Military, -55°C to +150°C. 
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VOLTAGE REGULATOR SELECTION GUIDE 
BY OUTPUT CURRENT 
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| 60 | 200 
5| uaremzo | 20 | c_| 100 | 400 2 
6| waraczo | 20 | c | 100 | 200 | 46 | 

2 | 100 | 220 2 















Fixed Negative 500 mA 


11] uavemos [-50 | m [50 | 
12] wavemos |-5.0 | c | 50 | 
13| »avemos | -6.0 | M_| 60_ 
14| waramos |-60 | C | 60 | 
: -15| wavomos | -8.0 | M_| 80_ 


-7.5 to -35 7-22 
| 100 
| 160 | 
7 16| wa7amos |-8.0 | c | 80 | 160 | 
| 240 | 
| 300 | 
| 300 | 


7-22 
7-22 
-8.3 to -35 7-22 
7-22 
7-22 

7-22 

7-22 
7-22 
7-22 
[-223to-40| 23 | 7-22 


17| warez | -12 | m_| 80_ 
18| wavomi2 | 12 | C_| 80 | 
19] aromas | -15 | M_| 80 
20| wavomis | -15 | c | 60_ 
21| wavem20 | -20 | M_| 60_ 
22| uaromeo | -20 | | 80 
23| wa7em2a | -24 | m_| 80 | 300 | 


(3.5 

3.5 | , 

}35 | -265to-40| 25 | 7-22 
24] waromea | -24 | c | a0 | 300 | 54] 35 | -263t0-a0[ 23 | 7-22 
4 Operating junction temperature range: | 


C = Commercial temperature range, 0°C to +125°C; Vv = Vehicular & Industrial temperature range, 
-40°C to +125°C; M = Extended Military, -55°C to +150°C. 
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VOLTAGE REGULATOR SELECTION GUIDE 
BY OUTPUT CURRENT 
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Fixed Positive 1.0 A 


i vareos| so | w [so] s0 [ee | 60] sows] so | 7a 
jaane | s0| | so| wol-] 0] — | — | rs 
jane | 50 | so] 1o}—| 0) —- | — | 7 
jaa0 | 50 | v | 50 | 1of—| | — | — | 7 
jaros| oo [ wo | wf [oo | sowss[ so [ra 
pane oot we [wwf feo | ae [ao 7-34 
ee we ele ae ee ee Te 
ia[uarers| 15 | m [150 | 150] 60 | 60 | wtoas| ao | 794 
16 [nares] 1 | M | 100 | 10] se | 60 | attoas| a0 | 794 


i ]uareae] oe | o [owo | ao [oo | 00 | me5.00 | 25 | rm 
Fixed Negative 1.0 A 

z0|vars0s] 50 | | s0 | s0[ 54 | 20 [700-0] 28 
21{uareos| -5.0 | c | 100 | 100 | 54 | 20 | -73t0-35 | 29 
22 parses sow [ oo | | o [20 | 028 [20 
23|,a7e06| -6.0 | ¢ | 120 | 120 | 54 | 20 | -83t0-35 | 23 
24|oa7o0a| -00 | m| oo | w| s« | 20 |wav0-05| 20 


1 Operating junction temperature range: 
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range, 
~40°C to +125°C; M = Extended Military, -55°C to +150°C. 
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VOLTAGE REGULATOR SELECTION GUIDE 
BY OUTPUT CURRENT 


mV (Max) 
Ripple Rejection 
dB (Min) 


utput Voltage 
V (Typ) 
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Temperature () 
Line Regulation 
Load Regulation 
Quiescent Current 
Dropout Voltage 
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Fixed Negative 1.0 A (Cont'd) 


fares -80 | © [v0] 10 [5s | 20 [1091-05] 23 
jwaroiz | -12 | M | 120 | 120 | 54 | 30 |-148t0-35| 28° 
jwarais_| -15 | M | 150] 150 | 54 | 30 |-17.8t0-35| 28° 
jua7sie__| -18 | m _| 180 | 180 | 54 | 30 |-208t0-35| 28 | 
jwaraza | -24 | mM | 240 | 240 | 54 | 30 |-268 10-20 | 28 | 


Fixed Positive 2.0 A 


woparece [18 [© [wo] wo] [oo] womjes| ro 
Fixed Positive 3.0 A 

sH123_ | 50 | m | 25] 100 |—| 20 | 7.5to20| 25 | 
sees | so | m | 25{ 100 [—| 20 | 75to20| 25° 


sus | sof ce] =[rm]-| » | 75m] 2s, 
Fixed Positive 5.0 A | | 

juareHos | 5.0 |c,m|120| 50 |60 | 10 | e@5to2s| 35 _ 
tavsHosal| 5.0 |c.m| 25| 50 | 60 | 10 | 78to25| 23 | 
wavani2 | 12 | c | — | 120 |60 | 10 | 155t025| 35 | 


wares | sof =| om | 0 | sis] — 


Fixed Positive 10 A 


18 re learerns [so Lc | | sls] 0 | 150s] es 


Operating junction temperature range: 
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range, 
-40°C to +125°C; M = Extended Military, -55°C to +150°C. 

* To be announced 
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VOLTAGE REGULATOR SELECTION GUIDE 
BY OUTPUT CURRENT 


"VOUT 
*Vog UT 
Ripple Rejection 


Output Voitage Range 
Load Regulation 


Item 

DBVWICE NO. 

Output Current 
(mA) 

Temperature '") 

Line Regulation 

‘Quiescent Current . 

input Voltage Range 

Dropout Voltage 

Page 





Positive Adjustable 


awos | 12] _a5to 20m [006] 01] 10 | 20] @5t060] 30, 
wages | 12] 45t030/6 |0.06/ 01] 1.0 | 20| 851040] 30 | 
was7e | 25] 5.0 t0.37\C 
wassa | 45] 4.5to4olc |oo6| o4| — | 20| 85 to 50] 30 
war2s | 150|  20t037|M | 03/015 | 58 | 35 | 95 to 40| 30 
7|uarame| soo] soto30m | 1.0 | 1.0] 62 | 5.0 | 7.51040] 30 
WATEMG] 500} 5.0to30\c | 1.0 | 1.0 | 62 | 5.0 | 7.51049] 25 | 
wa7e@ [1000] sotosolm | 1.0 | 1.0 | 68 | 5.0 | 7.5 to 40] 25 | 
wa7eG |1000|  sotosojc | 1.0 | 1.0| 62 | 5.0| 7.51040] 30 
areng[soo0] sored | 10 | 10] 6 | 10] esos] as 
Negative Adjustable 

aioe | 25[-o0rs to ~<a 01 [amv [10 [50 [201-00] 20_ 
waa0a | 25|-0.035 to -30|6 | 0.1 |5mv | 1.0 | 5.0 |-8.0 to -40] 20 | 
14|wa7aMG@|_500| -2.23 to -30|M | 10 | 1.0 | 50 | 25 |-7.0to-30] 25, 
15|ua7aMG| 500] -2.23to-a0lc_| 10 | 1.0 | 50 | 25 |-7.0 to -30] 28 | 
16|ua79G_|1000| -2.23 to -aol_| 1.0 | 20 | 50 | 2.0 |-7.010 -40| 28 | 
17|ua79G_|1000| -2.23 to -30[¢_| 1.0 | 2.0 | 50 | 20 |-7.010 -40] 23 | 


Adjustable Switching Regulator 


[Ares [1500| -13t0 40] | — | — [oo [20 [esto -00] — 
nares [1500] -13to ofc | — | —|100 |20festo-«0] —| 7. 


1 Operating junction temperature range: 
C = Commercial temperature range, 0°C to +125°C; V = Vehicular & Industrial temperature range, 
-40°C to +125°C; M = Extended Military, -55°C to +150°C. 
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IC VOLTAGE REGULATORS INDUSTRY CROSS REFERENCE 


Fairchild 
Equivalent 


MOTOROLA 


MC1723GC 
MC1723G 
~ MC1723LC 
MC1723L 
MC7805CK 


MC7805CP 
MC7806CK 
MC7806CP 
MC7808CK 
MC7808CP 


MC7812CK 
MC7812CP 
MC7815CK 
MC7815CP 
MC7818CK 


MC7818CP , 
MC7824CK 
MC7824CP 
MC78GO0CK 
MC78GOOCT** 


MC78GOOK 

MC78LO2CP 
MC78LO5CP 
MC78LO6CP 
MC78LO8CP 


MC78L12CP 
MC78L13CP 
MC78L18CP 
MC78L24CP 
MC78MO5CG 


MC78MO5CP 
MC78MO6CG 
MC78MO6CP 
MC78M08CG 
MC78MO8CP 


MC78M12CG 
MC78M12CP 
MC78M15CG 
MC78M15CP 
MC78M20CG 


MC78M20CP 
MC78M24CG 
MC78M24CP 
MC7905CK 
MC7905CP 


UAT23HC 
HA723HM 
HAT723DC 
uA723DM 
uUAT7805KC 


uA7805UC 
uATBO6KC 
uUATBO06UC 
HA7B08KC 
HA7B8Q8UC 


HAT812KC 
HA7812UC 
HATB15KC 
p#A7815UC 
HA7818KC | 


/ pA7818UC 


HAT7824KC 
HUA7824UC 
HATBGKC 

HATBGUITC 


HA7T8GKM 

UATBL26AWC 
HAT8LOSAWC 
HAT8LO6AWC 
HATBL8E2AWC 


pA78L12AWC 
pAT8L15AWC 
UATBL18AWC 
HATBL24AWC 
pA7TB8MO5HC 


pAT8MO5UC 
uATB8MO6HC 
uA7TB8MO6UC 
uA78MO8HC 
uAT8MO8UC 


HA78M12HC 
HAT8M12UC . 
HA78M15HC 
HA78M15UC 
BAT8M20HC 


HAT8M20UC 
UA7TBM24HC 
HATB8M24UC 
HA7TSO5KC 


Type 
Number 


Fairchild 
Equivalent 


MOTOROLA (Cont'd) 


MC7912CK 
MC7912CP 
MC7915CK 
MC7915CP 
MC7924CK 
MC7924CP 


MC79GO0CK 


MC79GO0CT** 


MC79GO0K 
MLM104G 
MLM105G 


MLM109K 
MLM205G 
MLM209K 
MLM304G 
MLM305 


-MLM309K 


pA7912KC 
uAT912UC 
HAT915KC 
uA7915UC 
pA7924KC 


HA7924UC 


UATIGKC 
HATIGUIC 
UATSGKM 
uUA1O4HM 
HA1O5HM 


HAIO9KM 
HA305HC 
uUA2ZO9KM 
UA304HC 
uUA305AHC 


LA309KC 


NATIONAL 


LM104H 
LM105H 
LM109K 
LM120K-5 
LM120K-6 


LM120K-8 
LM120K-12 
LM120K-15 
LM120K-24 
LM140K-5 


LM140K-6 
LM140K-8 
LM140K-12 
LM140K-15 
LM140K-18 


LM140K-24 
LM209K 
LM304H 
LM305AH 
LM305H 


LM309K 

LM320KC-5 
LM320KC-6 
LM320KC-8 


LM320KC-12 


LA104HM 
HAI1O5HM 
UAIOSKM 
UATSOSKM 
HATSOBKM 


UATSIO8BKM 
HA7912KM 
HMA7915KM 
HA7924KM 
UAT805KM 


UATBO6KM 
UAT808KM 
UA7812KM 
HA7815KM 
HA7818LM 


UA7824KM 
UA209KM 
BLA304HC 
HA3SO5AHC 
UA3Z05HC 


HA309KC 

HMATSO5KC 
HATSO6KC 
HATSO8KC 
HA7912KC 


Type 
Number 


Fairchild 
Equivalent 


NATIONAL (Cont'd) 


LM320MP-12* 
LM320MP-15* 
LM320MP-24* 
LM320T-5 
LM320T-6 


LM320T-8 
LM320T-12 
LM320T-15 
LM320T-24 
LM340K-8 


LM340K-12 
LM340K-15 
LM340K-18 
LM340K-24 
LM340T-6 


LM340T-8 

LM340T-12 
LM340T-15 
LM340T-18 
LM341P-5* 


LM341P-6* 
LM341P-8* 
LM341P-12* 
LM341P-15* 
LM341P-24* 


LM376N 
LM723CD 
LM723D 
LM723CH 
LM723CN 


LM723H 

LM7805KC 
LM7806KC 
LM7808KC 
LM7812KC 


LM7815KC 
LM7818KC 
LM7824KC 
LM78LO5ACH 
LM78LO5ACZ 


LM78LO6ACH 
LM78LO6ACZ 
LM78LO8ACH 
LM78LO8ACZ 


HA7T9M12AUC 
HATIM15AUC 
LATIM24AUC 
HA7905UC 
HATSO6UC 


HATS08UC 
uHA7912UC 
HA7915UC 
HAT924UC 
LATBO8KC 


HA7812KC 
MA7815KC — 
HA7818KC 
HAT824KC 
LAT806UC 


HA7808UC 
HA7812UC 
HA7815UC 
HA7818UC 
HATB8MO5UC 


LATBMOGUC 
HATBMO8UC 
HA78M12UC 
HA78M15UC 
HAT8M24UC 


HA37BTC 
UA732DC 
HA723DM 
MA723HC 
HA723PC 


HA723HM 

uUAT805KC 
HATB06KC 
HATBO8KC 
HA7812KC 


HAT7815KC 
HA7818KC 
HA7824KC 
UATBLOSAHC 
HATBLOSAWC 


HATBLO6AHC 
HAT8LO6AWC 
HAT8BL82AHC 
HATBL82AWC 


HA7T905UC 


HATSOBKC 
LATSO6UC 
HA7T908BKC 
MA7T908UC 


LM78L12ACH 


LM78L12ACZ 
LM78L15ACH 
LM78L15ACZ 
LM78L18ACH 


HA78L12AHC 


HA78L12AWC 
HA78L15AHC 
UAT8L15AWC 
HAT8L18AHC 


LM320KC-15 
LM320KC-24 
LM320MP-5* 
LM320MP-6* 
LM320MP-8* 


HA7915KC 
UMAT924KC 
LATSMO5AUC 
HATIMO6AUC 
UATSMO8BAUC 


MC7906CK 
MC7906CP 
MC7908CK 
MC7908CP 





** Not Available is VIC package 
Xxi . * Not a direct replacement 
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Fairchild 
Equivalent 


NATIONAL (Cont'd) 


LM78L18ACZ 
LM78L24ACH 
LM78L24ACZ 
LM7905T 
LM 7906T 


LM7908T 
LM7912T 
LM7915T 
LM7924T 


HAT723CK 
HA723F 
UA723K 
HAT805CDA 
_ BATB05CU 


UAT805DA 
HAT806CDA 
HAT806CU 
HATBO6BCDA 
HAT808CDA 


HA7T808CU 
BLA7808DA 
HA7812CDA 


HA7812CU 
HA7812DA 


UA7T815CDA 
HA7815CU 
UAT815DA 
uUA7818CDA 
HA7818CU 


uUA7818DA 
UAT824CDA 
UATB24CU 
uUATB24DA 
UAT8GUIC 


UATBLO2ACDB 
UATBLO2ZACS 
UAT8LO5ACDB 


MAT8LOSACS © 


HAT8LO6ACDB 


UATBLO6ACS 
HAT8LO8ACDB 
HAT8LO8ACS 
HA78L12ACDB 
HA78L12ACS 


HA78L15ACDB 
HATBL15ACS 
uA78MO5CDB 


HA78L18AWC 
UA78L1 8AHC 
LAT8L24AWC 
UATSO5UC 
HATSO6UC 


pAT90BUC 
uwA7912UC 
uA7915UC 
UAT924UC 


BPAT2Z3HC 
BLA7230M 
uUA723HM 
MATB805KC 
HAT805UC 


HA7B805KM 
HAT806KC 
HAT806UC 
LAT806KM 
UATB08KC 


HAT808UC 
HA7T808KM 
HA7812KC 
HA7812UC 
HA7812KM 


HUAT815KC 
HA7815UC 
UAT815KM 
HA7818KC 
uA7818UC 


HA7818KM 
LAT824KC 
UAT824UC 
UAT824KM 
HAT8GUIC 


HATBL26AHC 
UATBL2Z6AWC 
HAT8LO5AHC 
UMATBLOSAWC 
HAT8LO6AHC 


UATBLO6AWC 
UATBL82AHC 
HAT8L82AWC 
MA7T8L12AHC 
HA78L12AWC 


HA7T8L15AHC 
HA78L15AWC 
HA7TBMOSHC 


Type 
Number 


Fairchild 


_ Equivalent 


SIGNETICS (Cont'd) 


BATB8MO5CU 
HA7T8MO5DB 


HAT8MO6CDB 
BATBMO6CU 
HA78MO6DB 
UATBMO8CDB 
HAT8MO8CU 


HA78MO08DB 
4HA78M12CDB 
HA78M12CU 
HA78M12DB 
HA78M15CDB 


~pA78M15CU 


UA78M15DB 
uUA78M20CDB 
HATBM20CU 
HMA78M20DB 


UMA7T8M24CDB 
UA7TBM24CU 
UA78M24DB 
HATBMGU1C 
HATIGUIC 


. BAT9MGU1IC 


LM109DA 
LM209DA 
LM309DA 


UATBMO5UC 
LA7B8MO5HM 


LATBMO6HC 
HATBMO6UC 
LATBMO6HM 
LATBMO8HC 
LATBMO8UC 


HATB8MO08HM 
HA78M12HC 
vA78M12UC 
HA78M12HM 
LA7T8M15HC 


HA7T8M15UC 
HA78M15HM 
HATBM20HC 
HATBM20UC 
HA78M20HM 


HAT8M24HC 
UA7T8M24UC 
LAT8M24HM 
HATBMGUIC 
HATIGUIC 


HATSMGUIC 
HA109KM 
HA209KM 
LA309KC 


TEXAS INSTRUMENTS 


LM104L 
LM105L 
LM304L 
LM305AL 
LM305L 


LM376P 
BAT23CL 
HA723CJ 
HA723CN 
MAT2Z3ML 


MA7T23MJ 
MAT805CKC 
HAT805MKA 
LAT805CKC 
HAT806CKC 


HAT806MKA 
HAT806CKC 
HAT808CKA 
LATB8O8MKA 
HAT808CKC 
HA7T812CKA 


xxii 


uUA104HM 
HA1O05HM 
HA304HC 
UA305AHC 
HA305HC . 


HA376TC 
HA723HC 
HAT723DC 
HA723PC 
HA723HM 


HA723DM 

MAT805KC 
HMAT7895KM 
HAT805UC 
HA7806KC 


HA7806KM 
HATB06UC 
HAT808KC 
HA7808KM 
HAT808UC 
UA7B812KC 


Type 
Number 





Fairchild 
Equivalent 


TEXAS INSTRUMENTS (Cont'd) 


UA7T812MKA 
UA7812CKC 
UA7815CKA 
HA7815MKA 


UAT815CKC 
HA7818CKC 
HAT818MKA 
HA7818CKC 
UAT824CKC 


UAT824MKM 
HA7824CKC 
HLAT8BGC 
UATBLOZACLP 
uUATBLOSACLP 


pATBLOGACLP 
LATBLOBACLP 
uAT8L1 2ACLP 
uA78BL15ACLP 
uATBMOSCKC 


HATBMOSCLA 
HA7T8MO5MLA 
HAT8MO6CKC 
LATBMOECLA 
HATBMO6MLA 


HA7B8MO8CKC. 
HAT8MO8CLA 
HAT8MO8MLA 
HA78M12CKC 
HA7T8M12CLA 


HA7T8M12MLA 
MA7T8M15CKC 
HMATB8M15CLA 
MA78M15MLA 
UATBM20CKC 


HAT8M20CLA 
HAT8M20MLA 
MA78M24CKC 
HMATBM24CLA 
HAT8M24MLA 


UATBMGC 
HATSOBCKA 
HAT905CKC 
HATSOSMKA 
HATSO6ECKA 


HATSO6CKC .- 
LATSOBMKA 
HAT9IOBCKA 
HATS9O8BCKC 
UATSO8BMKA 


HA7812KM 
HA7812UC 
HAT815KC 
HA7815KM 


uA7815UC 
HA7818KC 
uA7818KM 
uwA7818UC 
HA7824KC 


uUAT824KM 
UA7824UC 
LATBGUIC 
UATBL26AWC 
HATBLOSAWC 


HAT8LE62AWC 
HA78BL82AWC 
BAT8L12AWC 
HATBLI5AWC 
HATB8MO5UC 


HAT8B8MO5KC 
HATBMOSKM 
HA78MO06UC 
UATBMOG6KC 
HA78MO06KM 


BLATBMO8UC 
LATBMO8KC 
HATBMO8KM 
LAT8M12UC 
HAT8M12KC 


HA78M12KM 
UA78M15UC 
MA78M15KC 
HA78M15KM 
HATB8M20UC 


HATBM20KC 
HA7TB8M20KM 
LAT8M24UC 
HATBM24KC 
MAT8M24KM 


HATBMGUIC 
MATSO5KC 
UATSO5UC 
HA7TSO5KM 
HATIO6KC 


HAT906UC 
uUATSO6KM 
uUATSO8KC 
HUAT908UC 
HAT908KM 





| IC VOLTAGE REGULATORS INDUSTRY CROSS REFERENCE 





Type 
Number 


HA7912CKA 
HA7912CKC 
HA7912MKA 
UA7915CKA 
MAT915CKC 


UATS15MKA 
UAT924CKA 

UA7T924CKC 

UAT92Z4MKA 
HATIGC 


Fairchild 


‘Equivalent 


TEXAS INSTRUMENTS (Cont'd) 


HAT912KC 
pA7912UC 
uAT912KM 
pAT915KC 
pA7915UC 


HA7915KM 
pAT924KC 
pA7924UC 
uAT924KM 
UATSGUIC 


Type 
Number 


Fairchild 
Equivalent 


TEXAS INSTRUMENTS (Cont'd) 


uAT9MOSCKC 
pAT9MOG6CKC 
pAT9MO8BCKC 
pAT9M12CKC 
pAT9M15CKC 


UATSM20CKC 
HAT9SM24CKC 
LATIMGC 
SN52104L 
SN52105L 


TEXAS INSTRUMENTS 


TL430 


NATIONAL SEMICONDUCTORS 


LM117 
LM317 
LM320 
LM340 


xxiii 


pAT9MO5AUC 
p»AT9MOGAUC 
uAT9MO8AUC 
pA79M12AUC 
wATIM15AUC 


HAT9M20AUC 
HAT9M24AUC 
pAT9MGUIC 
pA104HM 
uA105HM 


Voltage Regulators to be Announced 


Type 
Number 


Fairchild 
Equivalent 


TEXAS INSTRUMENTS (Cont'd) 


SN52109LA*** 
SN52723J 
SN52723L 
SN72304L 
SN72305L 


SN72305AL 
SN72309LA*** 
SN72376P 
SN72723J 
SN72723L 
SN72723N 


HA1O9KM 
HA723DM 
HA723HM 
MA304HC 
HA3O5HC 


pA305AHC 
HA309KC 
HA376TC 
pA723DC 
pA723HC 
pA723PC 


FAIRCHILD EQUIVALENT 


pA430 


FAIRCHILD EQUIVALENT 


pA117 
pA3i7 
pA320 
pA340 





*** Available in TO-5 type can only 
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IC VOLTAGE REGULATORS : 
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Chapter 1 : 
IC VOLTAGE REGULATORS 


IC regulators have eliminated the tedious and repetitive task of designing power supply circuits. Today, 
the designer has a wide choice of fixed or adjustable series-type regulators with either positive or 
negative output voltages from 2.6 to 30 V and current capabilities from 10 mA to 2 A, as well as an 
increasing number of switching regulators. Built-in protection circuits improve reliability and make IC 
regulators virtually immune to failure modes normally encountered when dealing with discrete voltage 
regulators. This chapter describes the internal circuit features of series-type regulators and the circuit 
description of the various series reguiators offered by Fairchild followed by switching regulator theory 
and a description of thé 78S40 switching regulator. | 


INTERNAL CIRCUIT FEATURES . 
Figure 1-1 shows a block diagram of a typical series-type IC voltage regulator in which an error amplifier 
compares a reference voltage Varr with a fraction of the output voltage derived from the feedback resis- 
tors Ra and Rep. The error amplifier provides the necessary base drive to the series-pass element to maintain 
a constant oGtput voltage level regardless of changes in input voltage or output current levels. 


To assure a stable reference immune to line voltage and temperature variations, the voltage reference is 
usually fed from a constant current source. If the current source is not self-starting, some type of start-up 
circuit must be used. In addition to these basic blocks, most regulators have protection circuits to guard 
against accidental shorts, excessive input-output differentials and thermal overloads. 


Voltage Reference Circuit 

The voltage reference is the most important part of the regulator since any abnormality observed in the 
reference will also be seen at the output. Therefore, it must be stable, free of noise, and must have a low 
temperature drift. It should also be reproducible with little variation in absolute value from device to de- 
vice. Zener reference and band-gap or differential Vg are the most widely used references in regulators 
with the band-gap type the less noisy of the two. 









UNREGULATED 
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Fig. 1-1 Block Diagram of a Series-Type Voltage Regulator 









= COMMON 


Vz + KVge 
VrRer = ————— 


O Vrer = Vee1 + Vz1 = 7.15 V oi (=+*) 


AV2/AT - 
wiearw: tex 2 _ 1R2-—mR1 
AVgE/AT A1 


Fig. 1-3 Zener Voltage Reference Compensation 
Fig. 1-2 uA723 Reference Technique Using Several Base-Emitter Diodes 





Zener References 

The #A723, the “A78CO0 series, the negative series uA7900 regulators as well as the 4A104/105 have 
Zener voltage reference elements. There are various ways of obtaining the required temperature Stability 
but the basic principles are the same. The technique is to compensate the positive temperature coeffi- 
cient of a Zener diode with the negative coefficient of a base-emitter diode or diodes. | 


Figure 1-2 shows the voltage reference used in the 4A723 regulator. The current through the Zener diode 
D1 is set by resistor R1. The temperature coefficient of the Q1 base-emitter voltage Vee is determined 
by Q1 collector current, which is set by the current source 11. The lower the value of I, the higher the tem- 
perature coefficient of Vag. Therefore, |; is set to cancel the positive temperature coefficient of D1, thus 
yielding a nominal reference of about 7.15 V. 


Another Zener-derived reference is shown in Figure 7-3. Here, temperature compensation is achieved via 
a string of diodes; m represents the number of diodes in the top portion of the circuit and n represents the 
number in the bottom portion. The junction of R2 and transistor Qm has a positive temperature coeffi- 
cient, while the junction of R1 and Qn has a negative temperature coefficient. The reference point Vpagr 
is selected to give a temperature stable reference. 


1-4 


Vrer ~ (Vz ~ (m Vee + 9 Vee) ] VBE (1-1) 


-R1+ R2 
And simplifying 
R1 Vz + (n R2 — m R1) Veg 1 2) 
VREF ~ R1 + R2 a 


For a temperature stable reference 


AVREF _ 
AT 





Assuming resistors R1 and R2 have the same temperature coefficient 


= 


AVREF  R1+(n R2— m R11) 














AT R1+R2 (1-3) 
To achieve a stable reference, therefore 
AVz AVpe 
R1 —— =-(nR2-mR1) —— -4 
1 AT (nR m R1) AT (1-4) 
or 
Ri = n 
R2 mtK (1-5) 
where 
AVz 
_ AT A R2-mRI1 
AVpg R1 (1-6) 
AT 
Substituting these values of K and Rt in Equation 1-2 
R2 
1+ 


n 


Both of these Zener-derived voltage references offer some advantages. The circuit in Figure 1-2 provides 
a higher reference voltage, approximately 7.15 V, which is buffered. Therefore, the user can draw some 
current out of the reference terminal without appreciably affecting the reference. The circuit in Figure 7-3 
is more complex but it offers a wide range of low voltage references. This reference has a high output im- 
pedance since it is not buffered, therefore no current can be drawn out without degrading the regulator. 


Band-Gap References 

Each of the uA7800, uA78M and #A78L positive regulators has a band-gap voltage reference derived from 
the predictable temperature, current and voltage relationship in a base-emitter junction. To obtain a tem- 
perature-compensated reference voltage, the positive temperature coefficient of the emitter-base voltage 
differential between two transistors, operated at different current densities, is added to the negative tem- 
perature coefficient of the emitter-base voltage (see Figure 1-4a). Transistor Q1 operates at a consider- 
ably higher current density than Q2. The base-emitter differential voltage AVge appears across R3. 
Transistor Q2 is a gain stage and thus develops a voltage drop across R2 that is proportional to the drop 


1-5 


R2 
Vv =V ‘— 
REF BE3 a3 


O Vac‘ = 1.3 V 


a One Vge Reference 


b Four Vge Reference 


Fig. 1-4 Band-gap or Differential Vg Voltage References 


>= 
AMPLIFIER 


Fig. 1-5 Typical Regulator Start-Up Circuit 





1-6 


ra 


across R3. Transistor Q3 provides additional gain and adjusts the reference voltage Vref to a value equal 
to the Q3 base-emitter drop plus the voltage across R2. The reference voltage can thus be expressed as 


R2 
VREF = VBE3 + Vr2 = VBE3 + R3 AVepr + Ip3 R2 (1 -8) 


Neglecting the drop due to the Q3 base current 


R2 kT. J 
Vecc@ Vecat ee fin . 1-9 
REF = Vees* 53 4!" 3p (1-9) 


where J = Current density; T = ° Kelvin; k = Boltzmann constant; q = Electron Charge 


To obtain a temperature stable reference, AVaef/AT must be set to zero, or 


AVrerF AVBE3Z Rok OT 
at ap tt in =0 (1-10) 
T R3 q J2 








Assuming Vege = VBE3, the following must be satisfied 


AV R2 k JT R2 k R2 
BES 2428s Sage Se —I In — (1-11) 
. AT R3q J2 R3q_ Ri 





where AV3p.£3/4T is the negative temperature coefficient of the Q3 base-emitter voltage, k/q In 
Ji/J2 is the positive temperature coefficient of the base-emitter differential voltage of Q1 and Q2. 


Therefore, by selecting the resistor ratios R2/R3 and R2/R1, a temperature compensated reference of 
about 1.3 V is obtained. This reference is used in the uA78LOO-series regulators. — 


To obtain a higher voltage reference, additional diodes can be added in series as shown in Figure 7 -4b. 
The reference then becomes: 

V Veco + Vaca + Varn + V roe le ne (1-12) 

= ——— n a - 
REF BE3 z BE4 BE5 BE6 R3 q R1 

Resistors R1, R2 and R3 are selected so that the reference voltage is constant over the temperature range 
and also has a nominal value of 5 V at room temperature. This reference is used in the “A7800/78MO0- 
series positive regulators. 


Current Sources 

Stable current sources can easily be realized in monolithic circuits by taking advantage of the good match- 
ing and tracking capability of monolithic components. Also, the IC designer can add as many active de- 
vices as necessary without significantly increasing die area. A variety of current sources can be designed 
by scaling emitter areas, thus removing much of the dependence on absolute resistor values. 


‘Operation of the reference circuit at a constant current level reduces fluctuations due to line-voltage var- 


jations in the reference voltage and therefore in the output. The error amplifier is operated at a constant 
current to reduce line-voltage induced errors or offsets at the output. The drive for the output stage is also 
made constant to insure device operation over the intended line voltage and temperature ranges. In addi- 
tion, the use of constant currents throughout the regulator causes the quiescent current to remain relative- 
ly constant with line voltage and temperature variations. 


Start-up ‘Circuit 
Certain current sources in regulator circuits are derived from the regulated output and, as a result, are 
not self-starting. They, therefore, require some additional circuits to initiate and maintain the flow of cur- 
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rent independent of output conditions. Figure 7-5 shows a typical start-up circuit. Zener diode D1 and 
the emitter-follower transistor Q1 provide a fixed voltage at the base of Q2 through the divider network 
of R2 and R3. When power is first applied to the circuit, collector and base currents of 04 flow through 
Q2. Once Q4 conducts, Q5, Q6 and Q7 also conduct and a regulated output is obtained. Normally, the 
bias at the base of Q2 is set to a level lower than the reference voltage. Thus, when a regulated output is 
obtained, Q3 turns on and Q2 turns off, diverting the collector and base currents of 04 through the Q3 
collector. The feedback voltage Vp, the base-emitter voltage of Q3, and R4 set the pnp current sources 
Q4, Q5, Q6 and Q7. 


Protection Circuits 

Protective circuits are added on chip to improve reliability and to make regulators immune to certain 
types of overloads. They protect the regulators against short circuit conditions (current limit), against ex- 
cessive input-output-voltage differential conditions (safe area limit) and against excessive junction tem- 
peratures (thermal lifnit). 


Current Limit or Short-Circuit Protection ; 
The most commonly used protection scheme is current limiting for guarding the output series-pass tran- 
sistor against excessive output currents or short circuit conditions (see Figure 1-6). With low input-output 
conditions when Zener diode D1 is not conducting, there is no current flowing through R1. The current 
limiting transistor Q2, then, senses the voltage drop across the current limiting resistor R3. As the output 
current increases, the drop across R3 increases; and, as a result, the Q2 base-emitter voltage increases 
until Q2 begins to conduct thereby removing the base drive of the series-pass transistor Q1. No addi- 
tional output current can be pulled out since any increase in the output current will cause Q2 to conduct 
harder. This current-limit circuit has a slight disadvantage, /.e., the voltage developed across R3 adds to 
the regulator drop-out voltage and degrades the load regulation and output impedance. 


A simple way of getting around this problem is to pre-bias the base of the current-limit transistor Q2 with 
a fraction of the base-emitter voltage of the series-pass transistor Q1 via R6 and R7 as shown in Figures 
1-7a and b. In these three current-limit schemes, the output current decreases with increasing tempera- 
ture since the base-emitter voltage of the current-limit transistor Q2 is the threshold for preventing the 
flow of additional regulator output current. 


Temperature-independent short-circuit current can be achieved with a slight increase in circuit com- 
plexity. Figure 7-7c shows the circuit used in the “«A79MO0-series negative regulators to obtain tempera- 
ture independent peak output current. At low to medium output current levels, 04 is on and Q5 and O6 
are off. When the voltage drop across R3 reaches a predetermined level, 04 begins to turn off and current 
is diverted to Q5, which in turn causes Q6 to turn on. Q1 and consequently Q2 base currents are thus 
diverted and the output current is prevented from increasing any further. By proper choice of R1:R2 and 
emitter area ratio of Q4 and QS, the peak current is set to be independent of temperature. 


Safe Operating Area (SOA}* Protection 

Safe area protection is included in IC regulators to protect the series-pass transistor against excessive 
power dissipation by reducing the collector current as the collector-emitter voltage is increased (Figure 
7-6). When the input-output voltage differential exceeds the breakdown voltage differential of Zener 
diode D1, current flows from the input to the output through D1, R1, R2 and R3. The voltage drop across 
R3 and, therefore, the Q2 base voltage become a function of not only the output current but also the in- 
put-output voltage differential. Hence, maximum output current is available when the input-output volt- 
age differential is less than the D1 breakdown voltage. The safe area protection network reduces the 
available output current IgyT as the input-output differential A(Vipj-VoyT) increases at a rate deter- 
mined by 


’ Alot IT R2 


=e 1- 
A(Vin — Vout) R1 R3 ei 


*See Chapter 5 
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The safe area protection network thus reduces the available output current as the input-output differen- 
tial increases and limits the regulator operation to within the safe operating area of the series-pass tran- 
sistor. Note that the safe area protection network is lumped in with the short circuit protection network 
and consequently both have the same temperature characteristics. 


When selecting a regulator to operate with high input voltage or with high input-output voltage differen- 
tial, it must be remembered that output current decreases with increased input-output voltage differen- 
tial. Under heavy load and high input-voltage conditions, the safe area orotection circuit may cause a high 
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output voltage device to latch up after a momentary short, since the input voltage becomes the input- 
output differential during the short. The regulator may not be able to supply as much current after the 
fault condition as before. Latching will not damage the regulator; interrupting the power, reducing the 
load current or the input voltage momentarily will restore normal operation. 


Thermal Overload Protection 

A discrete regulator usually relies on current limiting for overload protection since there is no practical 
way to sense junction temperature in a separate series-pass transistor. The dominant failure mechanism 
of this type of regulator, then, is excessive heating of the series-pass transistor. Ina monolithic regulator, 
the series-pass transistor is contained within the thermal overload-protection circuit where its maximum 
junction temperature is limited, independent of input voltage, type of overload or degree of package heat 
sinking. It is, therefore, considerably more effective than current limiting by itself. An added bonus to 
combined thermal and current overload protection is that a higher output current level under normal 
conditions can be considered, since there is no excessive regulator heating when a load fault occurs. 


The base-emitter junction of a transistor placed as close as practical to the series-pass transistor is used to 
sense the chip temperature. The thermal shutdown transistor Q3 in Figure 1-6 is normally biased below 
its activation threshold so that it does not affect normal operation of the circuit. However, if the chip tem- 
perature rises above its maximum limit due to an overload, inadequate heat sinking or other condition, 
the thermal shutdown transistor turns on, removing the base drive to the output transistor Q1 and shut- 
ting down the regulator to prevent any further chip heating. 


Error Amplifier . 
The error amplifier in a regulator can be a simple gain stage or can consist of several amplifier stages de- 
pending on the regulator performance. It is an operational amplifier used in a negative feedback mode 
where the reference is connected to the non-inverting input while the feedback signal from the regulated 
output is divided down through a pair of feedback resistors (R4 and R65 in Figure 7-6). The output voltage 
in this type of feedback configuration is 


A 
Vout = Yeee = 
where A is the amplifier gain and 8 is the fraction of the output feedback or 8 = mu 
R4+R5 


Improved line and load regulation in regulators results from higher gain. As the amplifier gain is in- 
creased, the output impedance drops and the regulator performance improves. Since the error amplifter 
has a high gain, the output voltage equation can be written as follows. 


_ VREF R4 + R5 
NOUN ™ op SREP see 


It is obvious that the lowest output voltage possible with this configuration is when R4 = 0 which results 
when Vout > VREF (unity gain). To obtain a wide range of regulated output voltage, then, a low value of 
Vref is an advantage. However, to obtain a high output voltage from a low reference, the feedback ratio 
B must be low (in other words, high value of R4). As the loop gain decreases the regulator performance 
” degrades, affecting such parameters as line and load regulation and output impedance. 


The error amplifier, like an op amp, requires some compensation for stability. Most regulators have on- 
chip compensation and, depending on the type or the application, may require additional external com- 
pensation. Excessive compensation, however, causes the error amplifier gain to fall off at high frequen- 
cies, thus deteriorating regulator performance. . 


Series-Pass Element 

The maximum input voltage and the maximum output current of the regulator determine the size of the 
series-pass transistor. In the higher output current devices, such as the LA7800 and the “A7900 series, 
the output transistor and its metallization pattern occupy nearly half of the die area. 
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One of the benefits of including the series-pass transistor on the chip is that the integrated circuit needs 
only three terminals, hence, an ordinary transistor power package can be used. Another important ad- 
vantage is that thermal as well as current overload protection can be incorporated on the chip in close 
proximity to the series-pass device. : 


CIRCUIT DESCRIPTIONS OF SERIES REGULATORS 
Certain portions of the various regulator circuits are common to one group within the regulator family. 


For instance, the “A7800 and the uA78MO0 series are identical except for their series-pass transistors. — 


The 4-terminal adjustable regulators are identical to their 3-terminal counterparts (the “A78G and 
HA7800, “A79G and “A7900, etc.) except for the feedback resistors. The following descriptions of the 
various regulator circuits, fixed-voltage devices followed by the adjustable types, are arbitrari ly arranged 
in order of increasing device terminals. The positive versions are followed by the negative counterparts. 
A selection guide and short form data are provided in Chapter 2. 


Positive 3-Terminal Regulators 


The positive 3-terminal regulators cover the largest range of output current, from 100 mA to 5 A, output 
voltages from 2.6 to 24 V, and are available ina variety of packages. 


HA78LO00 Series | | | 

The u#A78L00 series is the simplest of the 3-terminal regulators (Figure 7-8). It is capable of delivering 
100 mA output current and is available in nine output voltages ranging from 2.6 to 24 V and two popular 
packages, metal TO-39 and plastic TO-92. The Start-up circuit, comprised of Zener diode D1, transistor 
Q10 and resistors R14, R15, R16, provides a bias level that is less than the reference at the Q11 base. 
Collector and base currents of Q6 flow through Q11 at the instant the power is turned on. When the 
device reaches regulation, the reference causes Q8 to turn on thereby diverting the current from Q11. 
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Fig. 1-8 »A78LOO Equivalent Circuit 
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The output voltage also provides a constant current of about 2 mA to the reference through resistor 
R5. The voltage reference is a band-gap type with a nominal value of 1.3 V consisting of Q1 through Q4 
and R1 through R4. The error amplifier is a differential pair consisting of Q7 and Q8 with active pnp 
loads, O5 and Q6, for high gain. The current through the error amplifier is set by the reference voltage, 
the base-emitter drop of Q8, and R8. The feedback resistors, R6 and R7, determine the output voltage. 


Capacitor C1 is included on the chip for stability. The output stage uses a Darlington consisting of Q12 
and Q14. Thermal-shutdown transistor Q9, which is physically placed near Q14, is pre-biased from the 
start-up circuit at approximately 400 mV at 25°C and limits the chip temperature to a safe value under 
overload conditions. Short-circuit protection is achieved by Q13 which is pre-biased by a fraction of the 
base-emitter voltage of the series-pass transistor. It should be noted that the uA78LOO series does not 
_ need safe-area protection because the series-pass transistor is designed to handle the short circuit current 
at the maximum input voltage. This may appear as an overdesign but, when dealing with current levels 
this low, the die area needed to include safe area protection would be greater than the area used to over- 
design the series-pass transistor. 


pA78CO00 Series 

The #A78C00 series is a low cost regulator intended mainly for consumer applications. It is capable of 
delivering 0.5 A current and is available in popular output voltages to 24 V in the Power Watt package, 
(similar to TO-202). Figure 1-9 shows the equivalent circuit of the ~A78C00 regulator. The reference is 
derived from Zener diode D1 and compensated by the base-emitter voltage of the error amplifier Q4. 
Additional gain is provided by Q7 and Q8 to the Darlington-connected emitter-follower output stage of 
Q10 and Q11. The output stage is compensated by capacitor C1. A positive start-up condition is ensured 
by FET transistor Q1 to provide base current to transistors Q2 and Q5. Q2 O5 and O6 then form a positive 
feedback loop which raises the base voltage of Q2 until the reference Zener D1 conducts. Thermal 
overload protection is achieved by transistor Q3. The bias to the base-emitter voltage of O03 is derived 
from D1 via Q2 and the divider network of R1 and R2. At high junction temperatures, Q3 turns on and 
removes the drive to the output stage. Current limit transistor Q9 protects the device against accidental 
shorts by sensing the voltage drop across R7 while Zener diode D2 along with Q9 and resistors R5, R6, 
and R7 limit the power dissipation to a safe value. 


© INPUT (1). 


© OUTPUT (2) 
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pA78MO00/»A7800 Series 

The “#A78MO00 and the “A7800 regulators are schematically identical (Figure 7-70); they differ only in 
maximum current capability, 0.5 A and 1 A respectively. Component value differences (R9, R11, R16) 
are shown with the “A7800 value in parenthesis. Transistors Q1 through Q7 and their associated resis- 
tors constitute a temperature compensated reference of 5 V. The Darlington configuration, Q3 and 04, 
is the error amplifier lumped into the voltage reference. The error amplifier gain is increased by the pnp 
transistor Q11 which acts as a buffer to drive the active collector load formed by the pnp current-source 
transistor pair, O8 and Q9. 

The current through Q8 and Q$9 is set up by the current through resistor R1. During regulator turn on, the 
current in R1 flows first through transistor Q13, part of the start-up circuit containing Zener diode D1, 
transistors Q12 and Q13, and resistors R5, R6 and R7. After the device is in regulation, Q13 is biased off 
and the regulator takes ver setting the current in Rt, which then flows through Q5 and Q10. 


Thermal protection is provided by transistor Q14 with the base clamped by the resistive divider string, 
R5, R6 and R7, in the start-up circuit. At a junction temperature of about 175°C, Q14 turns on and re- 
moves the base current to the output stage, thus turning the series-pass transistor Q17 off and preventing 

further increase in chip temperature. . 


The short-circuit protection transistor Q15 is pre-biased from the base-emitter voltage drop of the series- 
pass transistor Q17 via resistors R12 and R21. As the output current increases, the drop across R11 in- 
creases, causing the base voltage of Q15 to increase also. When the output current reaches the preset 
level, Q15 begins to turn on, shunting the base current of the output stage and preventing any further 
increase in output current. 


Fig. 1-10 vA78MO0 (uA7800"*) Equivalent Circuit 





1-13 


Safe-area protection, accomplished via resistors R11, R12, R13, Zener diode D2 and Q15, limits the in- 
stantaneous power through the series-pass transistor to a safe value by decreasing the maximum regula- 
tor current as the input-output voltage differential is increased. 


The #A7800 and “wA78MO0 are available in popular fixed output voltage options ranging from 5 to 24 V. 
The output voltages are internally fixed during manufacture by selection of the feedback resistor ratio of 
R19 and R20. The vA78MO0 series is available in the metal TO-39 and plastic TO-220 while the uA7800 
series is packaged in the metal TO-3 and plastic TO-220. 

HAT09 Series ; 

The A109 series includes the uA109, “A209 and “A309 3-terminal regulators with fixed output volt- 
ages of 5 V and 1 A output current capabilities. Schematically, the circuit is identical to that of the 
HA7805 (Figure 1-7G) except for R12 which is a 180 Q resistor; device operation is the same. The lower 
value of R12 increases the peak output current and changes the characteristics of the safe-area circuit so 
that the device can deliver higher output current for the same input-output voltage. The “A109 operates 
~ over the full military temperature range while the “A209 is for industrial-temperature operation. The _ 
A309 is the relaxed version. All are packaged in the TO- 3. 


UA78CB, 13.8 V, 2 A Positive Regulator 

The wA78CB is a positive 13.8 V 2 A regulator available in metal TO-3 and plastic TO-220 packages. 
It has the same features as the “4A7800 series with 20 W dissipation capability. Schematically, it is 
identical to the “~A7800 of Figure 1-10 except for the short-circuit sense resistor R11 which is 0.2 
Q to set the peak current over 3 A at 25°C, and the feedback resistor R20 which is 8 k to set the 
output voltage to a nominal value of 13.8 V. The device is intended as a fixed 13.8 V regulator for 
home-base CB stations, and as an automotive power supply for driving accessories directly from the 
AC line through a transformer, a full wave rectifier and a filter capacitor. 


* 


pA78HO00 Series 

The »A78HO00 series are hybrid regulators with 5 A output current capability with all the inherent 
characteristics of the monolithic 3-terminal regulators, /.e., full thermal overload, short-circuit and 
safe-area protection. The 78H00s are constructed using state-of-the-art hybrid circuit technology and are 
packaged in hermetically sealed TO-3s providing 50 W power dissipation. They are available with 5, 12 
and 15 V options. Each regulator consists of a ~A78M00 monolithic chip driving a discrete series-pass 
element Q1 and two short-circuit detection transistors Q2 and Q3 (Figure 1-11). A beryllium-oxide 
substrate is used in conjuction with an isothermal layout to optimize the thermal characteristics of the 
device and still maintain electrical isolation between the various chips. This ensures nearly ideal thermal 
transfer between the series-pass device Q1 and the temperature sensing circuit within the ~zA78MO00, 
thus providing the thermal-limiting feature to the regulator. Output voltage Voy is derived from the 
:A78M00 chip which also provides the basic blocks for the regulator as well as serving as buffer and 
driver for the series-pass element. When a load is placed across the output terminals, the load current 
supplied by the «A78MO0 is sensed by resistor R2 which then develops a voltage drop that forward 
biases the emitter-base junction of Q1. At this time, the ~zA78MO00 begins to supply base current to Q1 
which supplies the bulk of the load current (~95%) during operation. 


The output circuit is designed so that the worst-case current requirement of the Q1 base added to the 
current through R2 always remains below the current-limit threshold of the ~A78MO0. Resistor R11 in 
conjuction with Q2 and Q3 make up a current sense and limit circuit to protect the series-pass device 
from excessive current drain. As the output current begins to increase, the voltage drop across R11 starts 
to forward bias the 03 emitter-base junction. As Q3 conducts, its collector current flows through the Q2 
base; thus Q2 begins to conduct and therefore shunts away some of the current available to the Q1 base. 
This process continues until a natural state of electrical equilibrium is reached, at which time 78HOO is ina 
current-limit mode of operation. Capacitor C1 provides frequency stability by adding a pole in the 
output-circuit transfer function that lowers the overall loop gain below the critical levels at high fre- 
quencies. 
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Fig. 1-11 78HOO Block Diagram 





Safe area protection is achieved by brute force. The series-pass transistor is capable of handling the 
short-circuit current at the maximum input voltage rating of the 78HOO. Output voltage sensing is per- 
formed at the device output pin so that the error amplifier can correct for any output voltage errors 
caused by finite impedances in the output circuit such as lead bonds and metal traces. 


Negative 3-Terminal Regulators 

The negative 3-terminal regulators are the complements of the positive regulators discussed above. They 
are available in the same output voltage options, have the same protective features, and can be used in 
combination with positive regulators or by themselves. They are available with 0.5 A output current 
(uA79MO0) in TO-39 and TO-220 packages, and 1 A output ({“A7900) in TO-3 and TO-220 packages. 


LA79MOO Series 

The equivalent circuit for the “A79MOO series is shown in Figure 1-172. The Start-up Circuit consists of 
Zener diode D1 and transistors Q1 and Q2. Once the regulator starts, transistor Q2 is turned off and the 
reference Zener diode D2 is biased from a current source transistor Q7 whose current is set by the Zener 
reference D2, Q3, Q4 and the reference resistors R1, R2 and R20. The reference circuit has two temper- 
ature compensated levels. The lower reference is a —2.23 V derived from Zener diode D2 and transistors 
Q3 and O4. This reference is used in the 5 to 8 V output options. Higher output voltage options use a —-6.2 V 
reference derived from D2, Q6, Q7 and their associated resistors. Note that a fraction of the O6 base- 
emitter voltage obtained from R3 and R4 compensates for the positive temperature coefficient of Zener 
diode D2. The purpose of the two voltage references is to allow a wide output voltage range without a 
sacrifice in device performance as explained in the Error Amplifier section. 


The voltage reference circuit also provides the bias for the error amplifier consisting of Q10 through Q13 
via Q9 and R8. The error amplifier is a differential pair with an active load, Q14 and Q15. The reference 
input (—2.23 V or —6.20 V) to the error amplifier is applied to the base of Q10 (non-inverting input) while 
the error voltage is applied from the feedback network of R24 and R25 to the base of Q11 (inverting in- 
put). The output of the error amplifier is fed to the series-pass transistor Q20 via Q17, R12 and Q18. 
Frequency compensation of the error amplifier is accomplished with resistors R9, R10 and capacitors C1 
and C2. In addition, an external capacitor (from output to ground) is necessary since the series-pass tran- 
sistor is operating in the common-emitter mode. 


1-15 





Fig. 1-12 vA79MOO Equivalent Circuit 


The »A79MO00 series has three protective circuits. Short-circuit protection is provided by sensing the 
voltage drop across R13. When this drop exceeds 130 mV, transistor Q22 is biased off and Q19 and Q21 
are turned on, shunting base drive from Q17 via Q19. As explained earlier in this chapter, the short circuit 
current is made nearly temperature independent by selecting the area ratio of Q21 and Q22 and the 
resistance ratio of R17 and R19. R16, R18 and C3 provide compensation for the short-circuit protection 
circuit, preventing oscillations during short circuit conditions. Thermal overload protection is provided 
by 05, Q16, R2 and R11. When the Vg_ of Q5 decreases sufficiently with rising temperature, Q16 is 
turned on and current is shunted from Q17. Finally, the safe-area protection circuit, formed by Q23, D3 
and resistors R21 and R30, detects the collector-to-emitter voltage of the series-pass transistor Q20 and 
decreases the maximum available regulator current as the input-output differential voltage is increased. 
pA7900 Series 

The A7900 series is very similar to the »zA79MO00 series except for the short circuit protection scheme 
(Figure 1-13). By removing Q22 and its associated resistors from the ~A79MO00, the peak output current of 
the 4A7900 is made temperature dependent with a negative temperature coefficient just like the positive 
3-terminal regulators. ; 
Positive Adjustable Regulators 

Although versatile and easy to use, the 3-terminal regulator has one drawback — the output voltage is 
internally fixed, thereby limiting the user to around a half-dozen popular output voltages. Applications 
requiring variable or non-standard output voltages dictate the use of either external components with 
the 3-terminal devices at a sacrifice in performance or multi-terminal devices at an increase in com- 
plexity. . 

pA78MG|pA78G|uA78HG Positive Adjustable 4-Terminal Regulators 

The 4-terminal regulator has solved the dilemma by offering all of the unique features of it 3-terminal 
counterpart along with an adjustable output determined by an external resistor ratio. The equivalent 
circuit diagram of the zA78MG/zA78G regulators in Figure 1-14 is identical to that of the ~zA78M00/ 
pA7800 series in Figure 1-10 except that the feedback resistors are omitted and the base of Q6 is brought 
out as the Control terminal. Component value differences (R9, R11, R16) are shown with the 78G values 
in parentheses. The 4A78MG is a 0.5 A device while the “A78G is a 1 A device. The output current 
capability can be increased substantially by the use of one or more external transistors. With an availabie 
control or feedback terminal and two external resistors, the designer can set the output voltage any- 
where from 5 to 30V. The #A78MG is available in the Power Watt, (similar to TO-202) the power mini DIP 
or the 4-lead TO-39 package. The :A78G is offered in the Power Watt (similar to TO-202) and the 4-lead 
TO-3 packages. . 
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The 78HG hybrid 4-terminal adjustable regulator with 5 A output current capability is schematically 
identical to the 78HO0 series (Figure 1-7) except that the feedback resistors RA and RB are omitted and 
the inverting input of the error amplifier is brought out as the control terminal. The regulator consists of a 
pA78MG monolithic chip driving a discrete series-pass transistor Q1 and two short-circuit detection 
transistors Q2 and Q3. Just as the 78HO00 series, the 78HG has all the inherent characteristics of the 
monolithic regulators and is constructed using state-of-the-art hybrid circuit technology. It is packaged 
in the 4-lead TO-3 package and is capable of 50 W power dissipation. 


pA723 Precision Regulator . 
The 2A723, commonly regarded as a universal building block (Figure 1-15) in power supply design, is 
available in the 14-lead ceramic or plastic DIP and the 10-lead TO-100 and has the following features. 


@ Internally generated reference voltage directly available in buffered form. 
e Both inputs of the error amplifier available for use with other than positive grounded configurations. 
'® Collector of the internal series-pass device available at a separate lead (Vc). 
.® Voltage level shifting available (Vz output) through an internal Zener diode (14-lead DIP version only). 
'®@ Adjustable output voltage from 2 to 37 V. 


@® Output current to 150 mA with no external pass transistor. 


Bias supplies for the entire circuit are obtained by first generating a stabilized voltage with respect to the 
V+ line across Zener diode D1, which is supplied with a constant current from FET Q1. The Zener voltage 
is then used to drive the bias voltage that controls the current sources to the rest of the regulator. The 
basic voltage reference elements are Zener diode D2 and the O6 base-emitter voltage. 04 and Q5 provide 
current as well as buffering to D2 so that current may be taken from the reference terminal for certain 
applications. Resistor R7 and MOS capacitor C1 are included on the chip to eliminate the need for 
external compensation of the reference loop. Note that the full 7.1 V of the reference need not be tied to 
the error amplifier. For applications requiring output voltages less than 7.1 V, a fraction of the reference 
can be taken to the non-inverting input of the error amplifier by merely adding a pair of resistors to divide - 
down the reference. 
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Fig. 1-15 .A723 Precision Voltage Regulator Equivalent Circuit 
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The error amplifier consists of the differentia! pair Q11 and Q12 driven by current source 013 which is 
mirrored from Q7 by Q10. The active load for Q12 is a pnp current source O8; therefore, in a balanced 
condition, /.e., when Q11 and Q12 base voltages are equal, Q11 and Q12 collector currents are both 
equal. Q11 collector is returned to a stabilized voltage source in the reference supply to maintain high 
line rejection in the amplifier. In operation, VRerf, or a voltage derived from Vr_er, is applied to the 
noninverting input (Q11 base) and a voltage proportional to the required output voltage is applied to the 
inverting input, Q12 base. When the feedback loop is closed via the 1A723 output stage and an external 
series-pass transistor, if used, the two error amplifier inputs are forced into a balanced condition, thus 
defining the output voltage in terms of Vaer and the appropfiate resistor ratios. 


The output stage consists of a double emitter follower, Q14 and Q15, to prevent excessive loading on 
the Q12 collector. This, in conjunction with the high impedance of the active load, O8, allows ade- 
quate gain to be obtained from the single stage amplifier. This also simplifies frequency compensation; 
a single capacitor conrrected from Q12 collector, Comp terminal, to either Q12 base or ground is 
sufficient to provide stable operation in all applications. Zener diode D3, available in the dual in-line 
package version only, is included for level shifting purposes. 


Transistor Q16 is the current limiting transistor. When an external current-sensing resistor forward biases | 
the 016 base-emitter junction at.a particular load-current level, the Q16 collector sinks most of the avail- 
able current from the current source Q8. This cuts off the output stage and limits the output current. 
Note, by applying a command signal to the base, the current limiting transistor can be used to turn the 
regulator output voltage completely off. 


A105 Series Regulators 
The A105 series includes the 4A105 and 4A305, each rated with a maximum output current of 12 mA, 


the ~A305A rated at 45 mA and the A376 rated at 25 mA (Figure 1-16). These regulators have an 
adjustable output voltage range as low as 4.5 V. They are packaged in the 8-lead TO-99 or 8-!ead Mini Dip. 
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Fig. 1-16 4A105 Series Equivalent Circuit. 
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The A105 voltage reference is derived from Zener diode D1 and transistors Q10, O8 and Q1. By proper 
selection of R2, R3 and R4, a temperature stable reference of 1.7 V is obtained at the base of Q2. This point 
is accessible to the user at Reference Bypass, pin 5, so that an external capacitor can be added to bypass | 
any noise coming from the reference Zener diode D1. Start-up of the regulator is achieved through FET 
Q18 and the multi-collector pnp current-source transistor 012, which provides the bias current for the 
reference as well as the error amplifier and the output stage. 


The differential pair, Q2 and O3, forms the first stage of the error amplifier which has a gain of 20. The 1.7 
V reference is internally tied to the non-inverting input of the error amplifier and is brought out for 
external bypassing of the reference. This configuration differs from that of the ~A723 since it commits 
the reference to the non-inverting input and restricts the user to a fixed reference (1.7 V). The inverting 
input of the error amplifier is the base of Q3 and is brought out to the Feedback terminal. The second 
stage of the error amplifier consists of 04 and Q5 with one of the collectors of Q12 as the load. In normal 
operation, both stages of the error amplifier are balanced over the device operating temperature range, 
regardless of the absolute value of components, thus giving the error amplifier a good drift characteris- 
tic. Frequency compensation is accomplished with internal capacitor C1, which prevents loop oscilla- 
tions due to the high gain of the error amplifier, and an external integrating capacitor around the error 
amplifier, which makes the error amplifier insensitive to loading conditions. 


The-@utput stage is a double emitter follower consisting of Q14 and Q15. Transistors Q6 and Q16 per- 
form the current-limiting function by removing the drive to the output stage when an overload condition 
is sensed externaliy between Current Limit and Regulated Output terminals. Q17 prevents latch-up that 
may occur with low output voltage settings. Without Q17, should Q3 saturate, it would cut off the second 
Stage of the error amplifier, Q4 and Q5, and cause the output voltage to latch at a voltage nearly equal to 
the unregulated input. 


Negative Adjustable Regulators 
Negative regulators are not widely used as positive regulators, therefore, as one might expect, the 
selection is not as large. Nevertheless, sufficient options are available to cover most applications. 


79MG!79G Negative Adjustable 4-Terminal Regulators 

The 78MG/79G negative adjustable regulators are similar to their positive counterparts, the 78MG/78G 
4-terminal adjustable regulators, and are offered in the same package options. They are derived from the 
HA7SMO0 and 4A7900 respectively, using the lower of the two available references. Except for the 
feedback resistors, the ~A79MG is schematically identical to the ~A79M00 (compare Figures 1-12 and 
1-17), and the 4A79G to the ~4A7900 (Figures 1-13 and 7-78). In the zA79MG/79G, the base of Q11 is 
brought out as the Control terminal. Device operation is the same except that output adjustment of the 
LATSMG/79G is left to the user’s choice of a pair of external resistors. Both the 79MG and the 79G have an 
adjustable output range from —30 to —2.23 V with input voltage range from —40 to —7 V. They are 
designed to deliver continuous load currents of up to 0.5 A for the 79MG and 1 A for the 79G. 


44704 Series Regulators 

The “A104 family includes the “A104 and the “A304 regulators that can supply up to 25 mA output 
current without external pass transistors. The voltage reference and error amplifier circuits are designed 
$0 that the output voltage range is adjustable from O to —30 V for the 4A304 and O to —40 V for the uA104. 
They are packaged in the 10-lead TO-100. 
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Figure 1-19 shows the equivalent circuit of the 4A104 family. The reference voltage between the 
Reference and Reference-Supply terminals is derived from Zener diode D1 and compensated by the 
series network, Q7, R4, Q2, Q1, 04, Q5, and R3. This. configuration yields a compensated reference of 
—2.4 V. When a known value resistor is placed between these two terminals, the collector currents of Q1 
and Q2 can be fixed. A second resistor connected between the Common and Adjustment terminals 
provides the reference to the error amplifier, Q18 and Q19, through R17. Emitter-follower transistors 018 
and Q19 drive the common-base dual pnp transistor Q17. Epitaxial FET Q9 biases the current-source 
transistors Q12 and 013. By using active collector loads and a triple Darlington output stage, sufficient 
gain is achieved to prevent the output stage from loading the input stage. R14 limits the base drive to 023 
during saturation, a condition that may occur with low input voltages. The error amplifier operates with 
common-mode voltages up to ground and consequently the regulator functions with output voltages to 
0 V. To prevent the reference circuit from saturating with low input-output differentials, the inverting 
input of the error amplifier is connected through the divider network of R15 and R16 to the output. R17 
matches the impedance seen by the Q19 base and also minimizes offset errors in the amplifier. 
Transistor Gad is the current limiter and the current limit loop is compensated by R11 and C1. 


For stable device operation, an external capacitor is required between output and common. On-chip 
capacitor C2 compensates for the series resistance of the external capacitor and is brought to the outside 
for use if additional compensation is required. 
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SWITCHING REGULATORS 


Series-pass regulators have dominated the power supply regulator market because they are simple, 
easy to use, offer high performance, and a wide range of high quality circuits is available from a number 
of manufacturers. Increasing concern about wasted power has caused designers to seriously consider 
switching regulators, which are not only much more efficient but also provide output voltages A/gher or 
lower than the input voltage supplied. In addition, they can provide an output voltage of the opposite 
polarity. 2 

The switching mode voltage regulator offers the advantage of high efficiency over the more common 
series or shunt regulation schemes. This is particularly apparent when there is a large difference 
between the input voltage and the regulated output voltage. Consider, for example, a voltage regulator 
with 28 V input and an output of 5 V at 1 A. A conventional series regulator would require a drop of 23 V 
across the pass transistor. Thus, 23 W are wasted, and the efficiency is only 18%. Switching regulators, 
however, can be simply designed to give efficiencies greater than 75% under the same input and output 
restrictions. 


Switching regulators are also useful in applications where cost, rather than efficiency, is the prime 
design criterion. The designer may trade the cost of a high power series pass transistor for a slight 
increase in circuit complexity that allows the use of lower power switching transistors. 


One area of caution when using switching regulators is the generation of electromagnetic and radio 
frequency interference (EMI and RFI). Solutions to these problems generally revolve around the use of 
feed-through low pass filters isolating the lines to the regulator, and careful mechanical design to 
suppress radiated interference. 


Switching regulators do have some drawbacks. They are complex, require some external components, 

and should be used with some degree of care. They generate noise and an output ripple, and are slower 
to respond to transient load conditions. However, these disadvantages can be minimized and are 
overshadowed by the very high efficiency (up to 90%) of switching regulators. With good control 
electronics, attention to timing, and some filtering, switching regulators can be used in power supply 
designs that provide lower operating costs and reduce power dissipation. A new integrated circuit 
switching regulator subsystem, the 4A78S40, makes possible a variety of switching or series-pass 
regulator systems with minimum external parts. 


Switching regulators are capable of storing energy and cycling on and off as necessary to supply 
adequate power to the load. They store energy in inductors and capacitors, which do not dissipate 
power. (Series-pass regulators apply the input/output differential voltage across a pass transistor, which 
does dissipate power.) Output transistors act as switches with the on/off cycle rate determined by the 
input/output voltages and the load current. Control circuitry monitors the output voltage and modifies 
timing to maintain a constant output voltage. While the regulator is off, energy is stored in an output 
capacitor which averages the current flow to the load. The basic modes of operation provide increased, 
decreased, or inverted voltage at the output from a fixed input voltage. 


Figure 1-20 illustrates the three basic operating modes of a switching regulator. The same basic 
components — a switch, a diode to direct current, an inductor and a capacitor to store energy — are used 
for the step-down, step-up, and inverting modes. 


Step-Down Regulator 


A simple step-down voltage regulator is shown in Figure 1-20a. When Switch S1 closes, the voltage 
Va rises close to Vin (Vjn-Vs), and the voltage Va-VoyT is applied across the inductor causing the 
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a Step-Down Voltage Regulator b Step-Up Voltage Regulator 


Vout = Unregulated Output Voltage, V 
Vin = Unregulated Input Voltage, V 

Vs = Switch Voltage, V 

Vp = Diode Voltage Drop, V 

ipk = Peak Current in A 

ton = On Time in ps 

tors = Off Time in us 

L = Inductor in wH 

Co = Output Capacitor in uF 


c Voltage Inverter 


Fig. 1-20 Basic Operating Modes 





current to increase from zero at a rate of (Va-VoyT)/L. This current flows from the switch through 
_ the inductor and into the load and output capacitor. If the instantaneous inductor current, i,, is less 
than the load current, the capacitor provides the additional current and VouT decreases slightly. 
When i, exceeds the output current the remaining current flows into the Capacitor, increasing 
VouT: it will increase until the switch turns off. At this instant, since the inductor current cannot 
change instantly, Va falls to —Vp so diode D4 can turn on and provide the inductor current. The 
voltage across the inductor is now —(VQyT + Vp); so the inductor current will change at a rate of 
—(VouT + Vp)/L. The inductor current continues to fall toward zero until Sj turns on again, and 
the cycle is repeated. The electronics in the system controls the on- and off-time of $7 so that the 
average inductor current equals the output current; the average capacitor current will be zero and 
VouT will remain constant. The control circuit generally consists of an oscillator whose on-and off- 
times are set so that i, will increase to a maximum current of Ipk and then decrease to zero, and a 
sense circuit that senses the output voltage and increases the off-time (by blocking the oscillator 
output) if VoyT increases too high. In this type of system a maximum iouT Of IpK/2 is possible, 
and for igyt less then |p,/2 the control circuit increases the off-time by an amount such that the 
average i, equals ioyT. 


The peak current for a step-down regulator is determined by the input voltage, switch voltage, out- 
put voitage, inductor size, and the switch on-time, or conversely the on-time is set to give the de- 
sired peak current. 


Vin — Vs — Vout 
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In a similar manner, the off-time for i, to drop to zero is related to Ink, VOUT, Vp, and L. 


Vout + Vp 
bk te 
Fit 


~ 


= 


The ideal ratio of ton to tof¢ is a function of Viq, Vout, Vp, and Vs. 


ton _ Vout + Vo ~ 


toff Vin ~ Ys — Vout 
The maximum output current for this timing is 


lOUT(MAX) = !pk/2 


the average input current is Ipk/2 times the percentage of time the switch is on. 


Ink ton ~—_!pk, = Vout + Vb 
2 ton+toff 2 Vin-Vs+Vp 





lIN(avg) = 


The efficiency of this regulator is 


| V Vin-Vs+V 
EFFICIENCY = —— QUT. SIN” *S* YD 
Vout + Vp VIN 


If Vs and Vp go to zero the efficiency goes to 100%; therefore if Vg and Vp are small compared to Viny 
and VourT very high efficiencies can be achieved. The ripple on the output is a function of Ip, ton, to¢¢ 
and Co and can always be reduced by increasing Co without affecting any other portion of the circuit. 


(ton + tose) 


VPEAK RIPPLE = |pk° 8 Co 


Step-Up Regulator 


Switching regulators operating in a step-up mode, Figure 1-20b, provide an output voltage greater 
than the input voltage. In the case of a step-up regulator, when the switch closes, the applied volt- 
age drops to almost zero (Va = Vs), and voltage Vijy-Vs is applied across the inductor, causing the 
inductor current to increase linearly. Because the applied voltage is less than the output voitage, 
the diode is reverse-biased and current cannot flow to the output. Again, when the switch opens, 
the inductor current cannot change instantly, and the applied voltage changes to the total of the 
output voltage plus the diode voltage. At this time current can flow through the diode to the load 
capacitor, and the inductor current decreases ata linear rate, determined by VoyT-Vp-ViNn. Timing 
adjustments control the average diode current (Ip 1) so it is equal to the load current. The diode 
current can only flow during off-time, so the maximum output current is (Ip4/2) (to¢g/ton+toge). If 
the load current is less than the maximum output current, off-time is increased by a dead time with 
no current to the output. Input current can flow during both on and off-times, so the average input 
current ts always greater than the maximum output current. 
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The on-time in a step-up regulator is a function of Vij, Vs, and L while tog¢ is a function of Vin. YoutT: 
Vp, and L. 


Ipk ob 


t = 
on Vin - Vs 


: : Ipk el $s 
off Vout + Vp — VIN 


* 


The ton to toff ratio is a function of circuit voltages as is the maximum output current. 


ton Vout + Vp ~- VIN 
toff Vin ~ Vs 


Ink, —_ VIN~ VS 


| = INS SS 
OTM 2” Nout + Vp ~ Vs 
lWN(AVG) = > 


The efficiency is also a function of Vin. VoyuT. Vs, and Vp and approaches 100% as Vs and Vp . 
become small compared with Vij, and VoyT- 


Vin Vs | VouT 


EFFICIENCY = gas Se 
VIN Vout + Vp - Vs 


Output ripple is a function of Ink, IOUT. toff. and Co and can again be reduced by increasing Co 
without affecting circuit performance. 


(pk — lout)* — toft 


V = 
PEAK RIPPLE 2 Ipk Co 


Voltage Inverter Regulator 


The basic voltage inverter is shown in Figure 1-20c. This circuit generates a negative output for a positive 

input. When S4 turns on, Va-rises to Vin-Vs, and this voltage is impressed on the inductor, causing 

current to increase at a linear rate. When S4 turns off, the inductor current cannot change instantane- 

ously, so Va drops to (-Voyt — Vo), forward biasing Dy. Current. now decays at a linear rate. ip4— 
supplies current to the output capacitor and load and its average value must be equal to the load current. 

Input current flows only when Sj is on and is therefore equal to Ip /2 * (toniton + toff)- 
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The basic formulas for the voltage inverter are shown below. As in the other circuits, optimum ton 


and to¢f values are functions of VIN: Vout: Vs, Vp, and L while the ratio of ton/to¢¢ is dependent 


only on the voltages. loUT(max) is always less than lpk/2, but then so is the average input current. 
Efficiency depends on input and output voltages and is basically independent of current level. Rip- 
ple can be minimized as usual by increasing the value of Co. 


Vin - Vs 
lbk = —_ ~~ ton 


as 


IVouTI+ Vp 
lpk = eT tote 


fon | lVout! + Vp 
toff  VIN-Vs 






' = Vin - Vs 
OUT(MAX) ” VIN +IVouTt!+ Vp - Vs 
l lv l+ V 
Pk. 
lIN(avg) = cL A Beil 


-s Vin +!Voutli+ Vp - Vs 


Vin-V V 
EFFICIENCY = NS. Vout! 
VIN lVout!+ Vp 


(lnk ~ !out)? _ toft 


V = 
PEAK RIPPLE — 2 lok Co 


The #A78S40 Universal Regulator 


In order to operate effectively in step-down, step-up, and inverting modes, a switching regulator should 
have several functional building blocks common to all of its operational modes, minimizing the need for 
external parts and maximizing its versatility. The 4A78S40 universal regulator meets this goal and 
allows a wide variety of regulators to be built with minimum external parts. This regulator's functional 
blocks are illustrated in Figure 1-27 and outlined below; design formulas are shown in Table 1-1. 


e@ A Current-Controlled Oscillator 

@ A Temperature-Compensated Current-Limiting Circuit 
e@ A Temperature-Compensated Voltage Reference 

@ An Error Amplifier 

@ A Power-Switching Circuit 

e@ A High-Gain Amplifier 


The current-controlled oscillator has drive circuitry for the transistor power switch. Oscillator frequency 
is set by an external capacitor so it can be varied according to application. The oscillator duty cycle is 


internally fixed at 8:1. A current-limiting circuit controls oscillator on-time, adjusting the duty cycle for — 


optimum timing. This temperature-compensated current-limiting circuit senses the switching transistor 
current across an external resistor and modifies the oscillator on-time, limiting the peak current and 
protecting the switching transistors. 
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- Vout.t+ Vp — V. Vint|Voutl+Vp-V 
lok . 2 louima) Blniirinaiec et ee OE Notas n+lVYoutl+Vp—Vs 
VIN - Vs Vin — Vs 
Rsc 0.33 Vilpx 0.33 Vip, - 0.33 Vito. 








ton lbk ob Ibe * L 
Vin — Vs — Vout Vin ~ Vs 
: Vout + Vp Vout + Vo - Vin [Vourl + Vp 
= 
tan Vout + Vp Vout + Yo — Vin \Voutl + Vp 
lott Vin — Vs - Vout Vin ~ Vs Vin — Vs 





L Vout + Vo o tots ‘Vout + Vo- YIN. tog 


V, +V 
!VYourl+ Vo_ oe tort 
Ipk lpk 


lok 


Cy (uF) 45 X 10> togg(us) 45 X 10> toee(us) 45 X 1075 tofe(us) 
























‘ 2 2 
Co tok * (lon + tott) (lok ~ lout)” * tor (lok ~ lout)” * tot 
8 Vrippte 2 lox * Veippie 2 lok * Veippte 
Efficiency — Your Vin= Vs  . _ |Your! _ 
Vout + Vp - Vs Vin \Voutl + Vp 
INNS lbk 1Vout! + Vo 
condition) 2 Vin +1Vout!+¥p~Vs 


a Ink (lon + tote) (lok - lout) tore (lok ~ lout)? — toes 
ripple 8 Co 2 lox Co 2Ipk | Co 


- Table 1-1. 78S40 Design Formulas 


A 1.3 V temperature-compensated voltage reference source can provide up to 10 mA of current without 
an external pass transistor. A high-gain differential comparator disables the power switch when the 
output voltage becomes too high. A power Darlington switching transistor handles 1.5 A of current and 
can withstand up to 40 V. The switch collectors and the emitter drive are externally available to allow 
optimized connection of the switch. A power-switching diode handles 1.5 A of forward current and 40 V 
of reverse voitage. 


The high-gain independent operational amplifier has 150 mA output current capability and a separate 
positive voltage supply connection. Its input common mode range /nc/udes ground. It may be connected 
to. provide series-pass regulation or feedback control for switching regulators. 


This switching regulator can operate over a wide range of power conditions, from battery power to 
high-voltage, high-current supplies. Low voltage requirements with minimum current drain make the 
regulator very useful in battery or 5 V systems. It typically operates from 2.2 to 40 V dc. At the 5 V level, the 
regulator draws only 2 mA. A low standby-current drain significantly improves regulator efficiency in 
low-power applications and greatly increases battery lifetime in battery applications. This high efficiency 
in low-power applications is not typical of other switching systems. Combined with the capability of the 
»A78S40 to handle up to 40 V input and provide as much as 1.5 A switching current, efficient low power 

_ _eperation makes the regulator performance over a wide operating range unmatched. 
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Fig. 1-21 »A78S40 Universal Regulator Partitioning 


Using a versatile circuit such as this requires some care, but the benefits are well worth the attention 
since this IC subsystem provides the user with the flexibility for optimizing power supply performance. A 
critical parameter is oscillator timing. Although the on-time/off-time ratio is internally fixed at 8:1, the 
user can adjust this ratio down through the proper selection of peak current, the oscillator capacitor 
value, the inductor value, and the input/output voltages. Peak current is determined solely by the 
current-limiting circuit. Selection of the timing capacitor is based on the off-time required. The user 
should establish the off-time and let the current-limiting circuit modify the on-time. This off-time can be 
set by the user for either intermittent or continous operation. For intermittent operation, the user should 
set the off-time equal to the time required for the inductor current to drop to zero. For continuous 





operation, the off-time should be set at something less than the time required for the inductor current to. 


drop to zero. When operated in the continuous mode, average inductor current exceeds 1/2 of the peak 
current, making more power available at the output. However, timing is very critical (see box on 
following page), and if on-time and off-time periods are too short, switching losses can significantly 
reduce efficiency. With this regulator, on-time and off-time should be kept greater than 10 ys. 


Switching is accomplished by a Darlington pair with the switch emitter as well as both transistor 
collectors available for external connection. Either the collector inputs or the emitter output can be used. 
If the emitter output is used, the collector inputs can be shorted, resulting in a switch voltage of 1.6 V 
typical. If the collector inputs are used with the emitter grounded, the user must consider the perfor- 
mance tradeoffs between shorting both collectors or using the switch output. System performance is 
affected by the input and output voltages, the output current, and the expected variations of the input 
voltage. If both collectors are shorted, there is no switching loss due to base current (switch voltage is 
typically 1.1 V). If the switch output is used, base drive through the driver is provided by connecting an 
external resistor to the input voltage line (switching voltage is typically 0.5 V). A switching diode in the 
circuit is capable of handling voltage up to 40 V and current up to 1.5 A for both step-up and step-down 
modes. To use the regulator for inverting applications, an external diode is required because the diode 
voltage drops below the circuit common. 
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SWITCHING REGULATOR TIMING CONSIDERATIONS 


Optimization of regulator on-time and off-time depends on CIRCUIT VARIABLES such as 
inductance and switch and diode voltage — and on SYSTEM VARIABLES such as input/ 
output voltages. Consider the following conditions and consequences. 


On-time too short — Inductor peak current isn’t high enough, so the maximum output 
current is reduced. However, efficiency does not suffer. 


On-time too long, or off-time too short — Without current limiting, after several cycles the 
inductor current will exceed the expected peak current and continue to increase, which 
could lead te excessive current flow and DEVICE DESTRUCTION. 


Off-time too long — Inductor current falls to zero and stays there for some time before the 
switch turns on again. Consequently, average inductor current is less than half of peak 
current, and the available output current is reduced. However, efficiency does not suffer. 


On-time too long — Current limiting for the switch is unacceptable when the inductor 
current is constant at the peak current, because inductor voltage drops to zero. Therefore, 
switch voltage increases (to Vijn-VOyT), creating a large efficiency loss and possibly 
DESTROYING the switch. 


Off-time too short with on-time adjusted by current limit — No efficiency is lost, but the 
inductor current does not drop to zero. Therefore, average inductor current is in excess of 
half of peak current, and the maximum output current exceeds half of the peak current. 
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Chapter 2 
TESTING AND RELIABILITY 


TESTING VOLTAGE REGULATORS 

Ail Fairchild voltage regulators are factory-tested with automated equipment to ascertain that they meet 
or exceed guaranteed specifications. The testing equipment operates at relatively high speeds and 
automatically measures output voltage tolerances, line and load regulation, quiescent current, short- 
circuit current, and a long list of other voltage regulator parameters. To adequately interpret published 
voltage-regulator specifications, it is advisable to have some understanding of the testing as performed at 
Fairchild. This is also important for customer incoming inspection, as some correlation is necessary 
between factory testing and customer acceptance testing. 


Individual parameter tests performed on Fairchild voltage regulators require only a few milliseconds, soa 
complete regulator test can be accomplished ina fraction of a second. Such short testing times mean that 
the device junction temperature is very close to ambient. If the devices were tested under steady-state 
conditions, costs would unfortunately increase, and the increased expense would be passed on to the 
customer. Consequently, published parameters are based on fast testing and usually specified with a 
constant junction temperature of 25°C. Exceptions are noted in the individual data sheet tables. 


When a regulator is operated with high dissipation, however, the effect of temperature drift must be 
evaluated or at least considered. For example, a 1A7805 1 A positive voltage regulator with a junction 
temperature of 25°C, a 10 V input, and a load current variation of 1.5 A has a guaranteed load regulation of 
less than 50 mV for military-grade units and less than 100 mV for commercial-grade units. Under steady- 
state testing conditions, as opposed to pulsed testing conditions, junction temperature would increase 
by 30°C to 55°C (based on a 4° C/W junction-to-case thermal resistance and an infinite heat sink). The 
p»A7805 regulator has a temperature coefficient of -1.1 mV/°C, so a 30° C junction-temperature increase 


means an output voltage drift of -33 mV. This drift must be considered if load regulation is being 
measured under steady-state conditions. 


Incoming inspection tests should accomodate these conditions. One approach would be to duplicate the 
testing procedure used by manufacturing, i.e., maintain a constant junction temperature of 25°C. If 
steady-state testing is performed during acceptance evaluation, a correlation between the method used 
in incoming inspection and the method used by Fairchild must be established. In this case, the 
temperature coefficients of each reguiator type must be considered. 


3-Terminail Regulators 
Testing of 3-terminal regulators is performed at input voltages that refiect actual use conditions. The 
input-output voltage differential considers all of the variations associated with nominal, unregulated 


power supplies. For example, a 12 V regulator (uA7812) test uses a 7 V I/O voltage differential and 
considers the following parameters: 


e Device Input-Output Voitage Differential - 2 V Nominal 

e Line Voltage Reference - 10% 

e Filtered Supply Ripple - 10% 

e Line Regulation - 10% 

® Diode Drop and Source Impedance Variations - 1 V. 
This is expressed in the following equation: 


Vin = Vout(max) + (Vin - Vout) + Ripple + Line Reg + Vp = 12.6V+2V+146V+16V+1V=18.66V 


A 12 V regulator, then, is not only tested with a guard band, but the input voltage range ‘used allows for 
greater variation than is present in actual operating conditions. All Fairchild 3-terminal regulator tests are 
based on similar practical considerations. 
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Figure 2-1 shows a self-contained load-pulsing circuit that can be used for measuring load regulation of 
either a positive or negative regulator. The 1.A555 timer operates in the astable mode as a free-running 
multivibrator. Transistors Q2 and Q4, along with the load resistors RL, provide the required loading 
across the regulator outputs. The on and off times of Q2 and Q4 are set by potentiometers R2 and R4. 
Transistors Q2 and Q4 must be capable of handling the load current levels to be measured. Line 
regulation of positive or negative regulators can be measured using the circuits in Figure 2-2. Here a 
pulse generator switches the input voltages between VIN (min) and Vin (max) but a similar arrangement 
could be used by substituting a 1A555 timer for the pulse generator. 

Ripple Rejection 

Ripple rejection is the ratio (in dB) of the regulator input ac component (or the output of the sine wave 
generator) to the output ac component of the device under test. Its measurement is quite straightforward. 
Ripple rejection of Fairchild regulators is normally specified at a load current of 30 to 50% of the rated 
output of the device. This is more realistic than the 20 mA or so specified by some other manufacturers. A 
regulator with good ripple rejection at low output currents may not necessarily maintain this feature at 
moderate-to-high current levels unless special effort is made during the layout of the integrated circuit to 
keep the reference circuit on isotherms (equal temperature lines) and away from the heat source (series- 
pass element). 


Vin (MAX) 






2N6126 








POSITIVE 
REGULATOR 


COM 


Vin (MIN)}O 


Oud L 270 pF 


TO PULSEC 
GENERATOR 


IN OUT O + Vout 











0 
“LIF -in NEGATIVE _oyy es 
TO PULSEO REGULATOR 
GENERATOR 
2N6123 
Vin (MAX) 
, b. For Negative Regulators 


Fig. 2-2 Line Regulation Test Circuits 
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Figure 2-3 shows two simple circuits for measuring ripple rejection of positive and negative regulators. 
The 5k potentiometers in both circuits provide the bias necessary to produce the dc level of the input 


voltage to the regulator. The sine-wave generators are used to produce the ac component of the regulator 
input voltage. 


Life Test and Burn-In (See Figure 2-4) 

Burn-in information is provided here as a guide to perform regulator life testing. The burn-in performed 
by Fairchild is based on the thermal resistance of the regulator package. The power dissipation level is 
selected so that the junction temperature is near the maximum specified level (150° C for most products). 
The power level is then determined based on the chosen ambient. in general, burn-in is performed at 
25°C ambient without a heat sink but it can also be done with a heat sink or a different ambient. 


Example: Determinea burn-in circuit, operating at a 25° C ambient, for a »A7805 in the TO-220 package. 
From the data sheet: 


6 j_, = 65°C/W max 


TJ (max) - TA _ 150 - 25 


Po = OA 65 


= 1.92 W 


if RL = 300 and the effects of Iq are neglected, 


Vout 





Pp = ¢ViNn - VouT) 


or 





a | RL } Vout = 16.5 V 
Vout 


If the same circuit is used at an ambient of 125°C, 
Re 

Vin = Pp 
ts 


Note that the vaiue of the load resistor chosen here (30 1) is arbitrary. Any other value giving output 
currents within the rating of the device could be used. If the burn-in is to be performed at more than one 
temperature, selecting a common load resistor for all temperatures and changing the input voltage to 
give the required power dissipations simplifies the design and construction of the burn-in fixtures. 





) + vour = SA x + 5-73 
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SINE WAVE . 
POSITIVE < 
GENERATOR IN RecuLaTor CUT 


a_ For Positive Regulators 


COM 


~in NEGATIVE _out 
REGULATOR 


2N6126 


b For Negative Regulators 


Fig. 2-3 Ripple Rejection Measurement Circuits 


Vin = 16.5 V FOR Ta = 25°C 
Vin = 7.3 V FOR Ta = 125°C 
NO HEAT SINK 


Fig. 2-4 Burn-in Circuit for .A7805 Regulator in TO-220 Package 
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RELIABILITY 

There are three basic ingredients in the manufacture of reliable voltage regulators. First, the device must 
be designed with the user’s applications and reliability requirements in mind. Secondly, the device must 
be manufactured with the optimum technology for the application. Thirdly, controls must be established 
to assure maintenance of the quality/reliability levels established in the design of the device. Considera- 
tion is given to the reliability influence of each part of the manufacturing and testing cycle with constant 
feedback from internal reliability monitoring; customer feedback on the results is a vital factor. The 


Fairchild reliability concept can be presented as constant feedback system which begins and ends with 
the customer (Figure 2-5). “ 


Areas of Consideration 
Device Applications and Reliability 
The reliability cycle begins with the customer. His device application, environment for its usage and end- 


product reliability requirements are major factors in establishing the quality/reliability levels for voltage 
regulators. The customer is the final judge. 


CUSTOMER 
REQUIREMENTS 


FAIRCHILD 
DEVICE DESIGN 


FAIRCHILD 
PURCHASED MATERIAL 
QUALITY CONTROL 


FAIRCHILD 
MANUFACTURE 
ASSEMBLY 
TEST 


Customer Design Breadboard 


Fig. 2-5 Customer Feedback System 
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Device Design 


Inherent component reliability is a function of the product/process design. New Fairchild regulator 
designs as well as modifications or extensions of existing designs with known performance and reliability 
characteristics are rigorously evaluated. Three different factors in the manufacture of an IC significantly 
affect its reliability. 


The Silicon Chip — Fairchild’s design-technology capability utilizes epitaxial layer to achieve the 
desired electrical parameter characteristics. The surface influences long-term gain and voltage/leak- 
age stability. The metallization determines mechanical integrity and current distribution. 


Chip Assembly — The process and materials used to assemble the chip and package must preserve 


the inherent reliability of the chip and be inherently reliable to withstand thermal, mechanical and 
electrical stresses. - 


= 


The Package — The package must effectively transfer heat from the chip to the outside world and 
protect the chip during handling and use. 2 


Incoming Quality Control (IQC) 

All purchased materials for Fairchild voltage regulators are controlled through central specification 
control, product engineering, and reliability and quality assurance (R&QA) located in Mountain View. 
Materials are purchased and inspected per contro! documents using three |QC methods. 


Direct visual and mechanical inspection 
Functional testing 


Composition analysis utilizing chemical and x-ray techniques from both internal and external sources. 


In addition to centralized |QC, each manufacturing facility has a local, fully equipped j|QC department. 
These facilities concentrate on cleanliness, plating quality and functionality. A computer file is made on 
each vendor's performance and quarterly reports are generated and analyzed. 


Wafer Manufacture 


All wafers used to fabricate Fairchild voltage regulators are made at Fairchild. This includes crystal 
pulling, slicing, polishing and epitaxial layer growth. Fairchild voltage-regulator designs rely on accurate 
control of thickness and resistivity over a three-inch diameter wafer. Ali critical operations have laminar- 
flow clean-air hoods directly over the work areas. Wafer fabrication is essentially a series of masking and 
furnace cycles in which geometries are defined and impurities (dopants) introduced to form emitter, base 
and resistor regions. Daily controls are maintained on furnace temperatures to within +1° C. Resistivities 
(ps) of diffused layers are recorded on every run. Each masking step defines a new portion of the device 
geometry. A post develop inspection is performed to assure that each wafer has been properly exposed 
and chemically developed before final etching. When the masking and etching procedures are complet- 
ed, a final inspection assures that the geometry is properly aligned, etched and cleaned. Following each 


production masking step, a sample inspection is performed by quality control inspectors to verify correct 
process implementation. 


After masking and diffusion, the metallization process completes wafer manufacture. Fairchild uses 
electron-beam evaporation techniques to deposit gold and aluminum. Deposits are controlled through 
utilization of automated process sequencing,which includes an automatic thickness controller. Every 
run is gated through a first optical (1st opt.) inspection before it leaves the wafer fabrication area. 
Cleanliness, mask alignment, metal adherence (front and back) and general workmanship are inspected. 
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Water Testing 

Before the wafers are scribed and broken into dice for assembly onto headers or shipment toa customer 
as probed dice, they are electrically sorted. Each wafer is automatically probed with multiple tests to 
duplicate or correlate the dice to the final product test requirements. Rejected dice are ink marked and 


later scrapped. A final quality control gate is performed before the probed wafers can be forwarded to 
assembly. . 


Device Assembly = 

After the wafers are scribed and broken, asecond optical (2nd opt.) QC inspection is performed. The dice 
are inspected for wafer fabrication (handling) damage, as well as for defects which may cause assembly 
problems or result in latent reliability problems. 


Monitors are performed en both assembly equipment and operators. Machines are shut down if defect 
control limits are exceeded and suspect material is rejected and 100% screened. Key items inspected are 
die orientation, voids under die, proper bond formation, wirepull strength and cleanliness. 


A third optical (3rd opt.) gate is performed prior to final device sealing. If rejected, the lot is 100% screened 
by production and resubmitted to QC. Accepted lots are sent to the final seal operation, where the 
packages are monitored for weld strength and hermeticity (except plastic packages). 


Device Testing 
Before shipment, all devices are 100% production tested to the following minimum inspection levels. 


Functional dc 0.25% AQL 
25°C dc 0.65% AQL 
25°C ac 1.5% AQL 
Temperature dc 1.5% AQL 
Mechanical/Visua! 0.65% AQL 
Marking Performance 15/0 LTPD 
Fine Leak 1.0% AQL 
Gross Leak 0.4% AQL 


Customers with special testing requirements are accommodated through an internal specification 
system. All internal test specifications formatted from customer documents are signed off by QA before 
they can be issued to the test area. 


Device Application . 

The total reliability effort is completed full-cycle with the customer. Operation in the customer applica- 
tion is the final consideration in device reliability. How each device is handled during system assembly by 
the customer, heat-sunk (mounted) and cooled during operation, and the amount.of overload stresses 
(due to the system malfunction or misuse) greatly impacts the device reliability. Thus, the customer's 
specification requirements, the manufacturer's device design, manufacture, test, the actual circuit into 


which the device is inserted and the equipment containing that circuit in the field all affect the device and 
reliability. . 


Failure Analysis 

Failure analysis results performed by customers and by Fairchild on returned devices provide one of the 
most important inputs for consideration in Fairchild’s total linear reliability concept. Failures generated 
by line monitors, life tests and field applications are analyzed to provide corrective action in terms of 
product design, assembly and testing methods. A scanning electron microscope (SEM) and an Auger 
electron microscope for chemical analysis are available for inspection of materials. 
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Reliability Monitor and Control 

Line Monitors 

Line monitors are used to monitor the production line on a weekly basis. These monitors are designed to © 
provide a constant feedback on product reliability. The following assembly/test monitors are conducted 
on a routine basis. 


~~ 


Assembly Test 
Package integrity High-temperature reverse bias 
Lead integrity Intermittent operating life (power cycling) 
Die integzity High-temperature storage 
Die-attach integrity Temperature cycling 
Bond integrity Thermal shock } 2 
. Autoclave* 


85% R.H./85° C biased* 


“Applied to plastic devices only. 


Extended Reliability Tests 

In conjunction with the weekly line-monitor program, Fairchild employs an extended reliability test 
program which is designed to reflect the long-term stability of Fairchild’s regulator products. Asummary 
of these reliability tests is shown in Table 2-1. 


Quality and Reliability Data 
Supplemental brochures are published on an annual basis which provide detailed failure rate data. 
Please contact Fairchild Sales Offices for additional reliability and quality information. 


H! REL PROCESSING — MIL-M-38510/MiL STD-883 

A unique “company”, within Fairchild Linear, is totally dedicated to the processing of high reliability 
products and to serving the special needs of the HI REL community. It consists of marketing, engineer- 
ing, production control, manufacturing and quality assurance. Fairchild’s Hl REL processing facilities 
are among the most modern and sophisticated in the semiconductor industry. Screening procedures are 
set up to conform to the most recent version of MIL-STD-883, in conjunction with MIL-M-38510, which 
establishes standardized requirements for design, material, performance, control and documentation 
needed to achieve prescribed levels of device quality and reliability. 


Hi REL Unique I! Program 

Fairchild’s Unique !! program fills a longstanding need for a definite and comprehensive program 

covering HI REL semiconductor products...a program offering users a selection among multi-level 

screening flows and reliability requirements...a program providing clear and precise definitions on all 

areas of contractual performance...a program designed to reduce the high costs and delivery delays 

normally associated with HI REL. The objectives and benefits of the Unique II program for integrated 

circuits are these: 

¢ Offers a full spectrum of processing options, including full compliance JAN and 883 Classes S, B, 
and C. 

e Offers full compliance with JAN MIL-M-38510 and emphasizes the importance of this program. 

¢ Accommodates the special needs of users’ source control and specification control drawings. 

e Offers models to aid users in development of source control drawings. 
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EXTENDED RELIABILITY TESTS METAL CAN . - PLASTIC 











, Table 2-1 Reliability Test Summary 





a 


e Takes the mystery out of in-house processing to MIL-STD-883 and to MIL-M-38510 detail specifica- 
tions. The Unique II program is definitive as to the similarities and differences in these requirements. 
e Provides users with alternatives that may be used when JAN slash sheets or QPLs are unavai lable, or 
for programs that demand the highest level of quality and reliability. : 
eS. 
Fairchild offers a complete processing capability to fulfill requirements ranging from the least demand- 
ing to the most complex, including the following: 


Scanning Electron Microscope (SEM) Inspection 
Level A Visual 

Bond Pull and Die Shear Testing 

Read and Record and A Drift Parameters 

Particle Impact Noise Detection (Pin-D) Testing 

Group A, B, C and D Qualification Testing. 


Standard Unique I! processing flows are given on the following pages; special flows will be quoted onan 
individual basis. 


_ MATRIX Vi— COMMERCIAL AND INDUSTRIAL RELIABILITY PROGRAM 

Commercial and industrial users increasingly demand optimized quality and reliability for the semicon- 
ductor integrated circuits purchased for their systems. Specific factors — increased integrated circuit 
usage per board, high costs for receiving inspection, pc board and systems repair, and the frequently 
immeasurable cost associated with field failures — require the user to attain high quality and reliability 
coupled with total cost. Matrix VI is designed to meet these user requirements. 


Fairchild’s Matrix Vi Program offers a broad spectrum of screens and high technology/high volume 


integrated circuit products to meet the user's quality and reliability requirements typically associated 
‘ with the commercial and industrial marketplace. There are two screening options for each package type, 


each with a separate degree of reliability and cost level. To simplify a cost-effective analysis, reliability | 


factors have been assigned to each screening level. (See following pages.) 
It is the goal of Matrix VI to achieve the highest possible re! lability consistent with the user’s needs and to 


avoid “over-buying”. Cost-effective reliability is the essence of Matrix VI, the most comprehensive 
program of its kind now offered to the industrial/commercial marketplace. 
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JAN PART NUMBERING SYSTEM 


J M 38510/ 101 01 BGC 







wt 


JAN DESIGNATOR LEAD FINISH 


Cannot be marked with “J” Defines A Hot Solder DIP 
unless qualified on Part | Device B Tin Plate 
or Part 1! of OLP-38510 Type C Gold Plate 


X Any of the above 


a 





General Procurement Spec. 


PACKAGE TYPE 

A 14-iead , x '/, Flatpak 

B 14-lead 4, x 4 Flatpak 

C 14-lead 1% x 3% DIP 

D 14-lead /, x % Flatpak 

E 16-lead 14, x 3, DIP 
REFERS TO DETAIL SPEC F 16-lead '/, x 34 Fiatpak 

G 8-lead Can 

101 Op Amps H 10-lead ¥, x '/, Flatpak 
102 Voltage Regulators | 10-lead Can 
103 Comparators J 24-lead % x 1% DIP 
104 Interface K 24-lead % x / Flatpak 
105 733 L 24-lead ¥% x 4 Flatpak 
106 ‘Voltage Followers X 3-lead TO-5 Can 

Y 

Z 


107 3-Terminal Voltage Regulators 2-lead TO-3 Can 

108 Transistor Arrays 24-lead ¥, x % Flatpak 
109 Timers 

110 Quad Op Amps 


PROCESSING LEVEL 


LINEAR JAN GENERIC 
PART NUMBERS — EXAMPLES 
| o7 {| os | oe | 
a a | a 
a es ae 
ene ee aed 
(ae | ae (a eee 
[a (Ae ee 
7aM24 


Note: Dated material. Please contact Fairchild for latest revisions. 


7831 
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JAN M38510 
MIL-STD-883A CLASS CLASS 
TEST METHODS DESOMEHON B Cc 
Preseal Visual Cond. A Maximum Visual Criteria PRESEAL VISUAL PRESEAL VISUAL 
MTD. 2010 Cond. B. Optimum Visual Criteria is COND. B COND. B 
Bond Strength Bond strength is monitored on a sample BOND STRENGTH BOND STRENGTH 
MTD 2011 basis three times per shift per machine COND. D COND. D 


Seal Devices are hermetically sealed for 
compliance to MIL-STD-883 requirements 


BAKE 
COND. C MIN 
24 HRS. 


High Temp Storage 


BAKE 
= o 
MTD 1008 Cond. C Tstg = 150°C 


COND. C MIN 
24 HRS. 


TEMP CYCLE 
COND. C 


TEMP CYCLE 
COND. C 


Temperature Cycle 


d. C —65°/150°C 10 cyel 
MTD 1010 Cond. C —65°/ Cc cycles 


Constant Acceler- 


ation Cond. E 30000 G's Xq, Xo, 4, Yo 
MTD 2001 


CENTRIFUGE 
COND. E 
Y; ONLY 


CENTRIFUGE 
COND. E 
Yq ONLY. 


Hermetic Seal Cond. A Fine-Helium 5x10~8 cc/sec 
Cond. B Fine-Radifio 5x10 8 cc/sec 
MTD 1014 Cond. C Gross-FC43/Hot 10°3 cc/sec or 


Gross-FC78/Vacuum 10-5 cc/sec 


HERMETICITY 
COND. A/B 
COND. C 


HERMETICITY 
COND. A/B 
COND. C 


Pre Burn-in 25°C dc electrical testing 
Electrical to remove rejects prior to 
MTD 5004 submission to burn-in screen 


Burn-in Screen Cond. A, Cond. B, Cond. C BURN IN* 
MTD 1015 Cond. D, Cond. £, Cond. F 160 HRS 125°C 
Post Burn-in Post Burn-in electrical screening to cull 
Electrical out devices which failed as a result of 
MTD 5004 burn-in. Test Parameters may include: , 


25°C dc, 125°C de, -55°C de, 25°C dec, 
25°C ac and 25°C Functional tests. 


PRE B/i ELECT 
25°C de 





PST B/1 ELECT 
25°C dc 
+125°C dc 
—558°C de 
25°C ac 
10% PDA 


ELECTRICAL 
25°C de 
25°C FUNCTIONAL 


Quality Conformance Group A: Electrical Characteristics . 
Inspection Group B: Package oriented Tests 
MTD 5005 Group C: Life Tests 

Group D:'Environmental Tests 


QUALITY 
CONFORMANCE 
Gp A,B,C 
and D 


QUALITY 
CONFORMANCE 
Gp A,B,C 
and D 





External Visual 3X, 10X magnification: Verify dimensions, EXTERNAL EXTERNAL 
MTD 2009 configuration, lead structure, marking VISUAL VISUAL 
and workmanship 100% 100% 
RELIABILITY Figure of Merit 15 2 
; JM38510/ JM38510/ 
ORDERING = Part Number : 10101BCB 10101CCB 
Part Marking JM38510/ JM38510/ 
10101BCB 10101CCB 


NOTE: RELIABILITY Figure of Merit is the Reliability Improvement Factor from RADC Reliability Notebook, 
Vol. Il, RADC-TR-67-108, Table X1I-6, page 419. 


*Time Temperature Curve (method 1015) may be used. 
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Chapter 3 
IC VOLTAGE REGULATOR APPLICATIONS 


A few of the most popular and widely used series as well as switching regulator applications are — 
discussed in this chapter. There is also a compendium of regulator applications for each Fairchild 
regulator at the end of this chapter. Similarities and differences in regulator types are described in 
Chapter 1. . 


SELECTING THE CORRECT SERIES TYPE REGULATOR 

The regulator selection guides provide concise tables of key regulator specifications by device 
number, or by ascending IoyT. Select the device that provides the desired output voltage and cur- 
rent, then proceed as follows. 


Determine the required input voltage (Vjn). 


ViN(max) > Vin > Vo(max) + Voo(max) + AVL + VRipk) 


where 

ViN(max) = Maximum allowable input voltage VpO(max)= Maximum dropout voltage 
VIN = Regulator input voltage under load AV. = Maximum line voitage change 
VoO(max) = Maximum output voltage of regulator — VR(pk) = Peak ripple voltage 


Also determine Ta(max) = Maximum ambient temperature and select Ty < Ty(max) 
from the data sheet and see Chapter 6 for thermal and heat-sink requirements. 


DESIGN PRECAUTIONS 

When designing and laying out a regulator circuit, follow these guidelines to save time, money and 

simplify design. 

@ Keep all ground leads as short as possible. Use ground conductors sufficiently large enough to handle 
rated currents to reduce unwanted voltage drops across leads, and to minimize heating effects and 
lead inductance. 


@ Use single-point grounding at the regulator common terminal whenever possible to prevent circulat- 
ing currents or ground loops. 


@ When using the adjustable multi-terminal regulators, especially at high output current levels, de- 
rive the feedback sense voltage from across the load rather than from across the regulator to 
improve circuit performance. 


® Note that some devices are offered with the case or tab connected to either ground (positive reg- 
ulators) or to the input (negative regulators). For example, the 4A78G 4-terminal positive adjust- 
able regulator is offered in an aluminum (TO-3) type or plastic Power Watt (similar to TO-202) 
package with the case or tab connected to common. In the complementary or negative version, 
the 4A79G, the case or tab is connected to the negative input. Precautions should be taken to 
avoid accidentally grounding the case or tab of negative regulators. Negative regulators should 
be electrically insulated from the mounting surface, or the mounting surface should be insulated 
from ground or chassis. 4 


BYPASSING . 
Monolithic 3 and 4-terminal regulators are particularly attractive for providing local on card regulation 
because of the small number of required external components. Positive regulators, in general, use npn 
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emitter-follower output stages whereas negative regulators use npn common-emitter Stages with the load 
connected to the collector. The emitter-follower output-stage configuration is not used in negative regu- 
lators because monolithic pnp series-pass transistors are difficult to make. Because of their output-stage 
configurations, positive regulators are more stable than negative regulators; therefore, bypassing of posi- 
tive regulators can be omitted in certain applications. It is a good practice, however, to use bypass ca- 
pacitors at ail times. Input bypass capacitors (0.33 uF) for positive 3 and 4-terminal regulators are re- 
quired if the regulator is located an appreciable distance from the power supply filter. Output bypass ca- 
pacitors (0.1 uF) are not normally needed but they do improve the transient response of the regulator. 


On the other hand, bypass capacitors are a must for stable operation of the 3 and 4-terminal nega- 
. tive regulators over the input voltage and output current ranges. The bypass capacitors (2 uF on the 
input, 1 ~F on the output) should be mylar, ceramic or tantalum with good high frequency charac- 
teristics. If more than one bypass capacitor source or more than one type is used, stability should 
be checked on each-source or type. Stable operation with one capacitor from one vendor may not 
necessarily result in stable operation with a capacitor of the same type from @ second vendor, since 
the characteristics of the capacitors may vary. 


Regulator output impedance is in the order of 100 mQ or less and increases as a function of frequency 
above 10 kHz due to the gain rolloff of the error amplifier. A tantalum electrolytic bypass capacitor con- 
nected to the regulator output will maintain low impedance for frequencies up to 1 MHz. A ceramic ca- 
pacitor should be placed in parallel with the tantalum capacitor for driving fast switching loads to com- 
pensate for the rising impedance of the electrolytic capacitor above 1 MHz. If switching loads are distributed 
over a large area, additional ceramic bypass capacitors should be located at the loads. Very large-vaiue 
output bypass capacitors should not be used unless adequate measures are taken to prevent the output 
from rising above the input, or to avoid discharging the bypass capacitor through the series-pass transistor 
of the regulator if the input is accidentally grounded. A reverse-biased diode connected from input to out- 
put is normally sufficient to achieve this protection. . 


To assure stable operation of a regulator using the A723, dc and ac performance of the internal gain 
stage and external components must be determined. Then, the required compensation may be applied 
using standard operational amplifier techniques. Compensation of 4A723 circuits is explained in detail 
on pages 3-26 and 3-27. 


PROTECTION CIRCUITS . 

Internal protection circuits are provided in all 3 and 4-terminal voltage regulators to improve relia- 
bility and make these regulators immune to certain types of overloads. These on-chip components 
protect the regulators against short-circuit conditions (current limit), excessive input-output voltage 
differential conditions (safe-area limit) and excessive junction temperatures (thermal limit). The pro- 
tection circuits protect the device against abuse and fault conditions that may be encountered oc- 
casionally. Continuous operation of the device under fault conditions such as a short or in a ther- 
mal shutdown made is not a recommended procedure. 

Proper attention must be paid to the safe-area protection network when 3 and 4-terminal regulators are 
operating with excessive input voltage or excessive input-output differential-voltage conditions. In addi- 
tion to reducing the available output current with high input-output differential conditions, the safe-area 
protection network may, under certain conditions, cause the device to latch-up if the output is shorted to 
ground. This situation is aggravated as the input voltage, load current or the operating junction tempera- 
ture is increased. This mode of operation does not damage the device but power (input voltage or load 
current) must be interrupted momentarily for the device to recover from the latched condition. The de- 
tails of the protection circuits are discussed in Chapter 1. 

Precautions must also be taken to avoid regulator operation beyond its maximum ratings. Switching 
transients exceeding the maximum input voltage rating of a regulator, for instance, can destroy a regu- 
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lator. These transients, which occur especially if the regulator input voltage is switched instantane- . 
ously rather than ramped by the natural smoothing provided by the ac line and the filter capacitors, 
are usually hard to track and normally caused by lead inductance and fast switching currents. Good 
quality bypass capacitors that have low series resistance cause the inrush current to increase 
further, thereby causing a higher magnitude transient at the input of the regulator. In such cases, a 
lower quality and cheaper bypass capacitor may be the answer. 


Because of their output stage configurations, positive regulators source current and negative reg- 
ulators sink current. These restrictions should be kept in mind and, under no circumstance, should 
a regulator output terminal be allowed to go more than a few volts higher than the regulated out- 
put of the regulator. The power should be turned off before removing or inserting a regulator into a 
test socket. However, if it is necessary to insert a regulator into a “live” socket, care must be taken 
to ensure that the common terminal connection is made prior to, or simultaneously with, the input 
terminal connection. In the absence of the common terminal connection, the output voltage of the 
regulator is 1 or 2 V below the input voltage. This type of fault condition can cause an excessive 
output voltage which may adversely affect the circuits supplied by the regulator. If the common 
terminal is quickly connected, the regulator can be destroyed. Also, damage to the regulator may 
result from the discharging of the bypass capacitor through the output and common terminals. 


THERMAL CONSIDERATIONS . 
The thermal properties and limitations of voltage regulators are extremely important in circuit design., 
Whether or not a heat sink is required should be determined before the circuit is laid out. See Chapter 6 
for a detailed discussion of thermal considerations and how to choose the proper heat sink. 


APPLICATIONS 
The capabilities of regulators can be increased beyond their basic capacities by the addition of external . 
components. Two or more regulators can be connected to increase output current, or widen the input — 
and output voltage ranges. The applications discussed are divided into the following seven groups: 


@ Fixed Positive — 3-Terminal Regulators 

@ Fixed Negative — 3-Terminal Regulators 

e@ Adjustable Positive — 3 and 4-Terminal Regulators 

e Adjustable Negative — 3 and 4-Terminal Regulators 

@ Dual Regulators — Tracking and Non-tracking Regulators 

@ Precision Multi-terminal Regulators — A723 

®@ Switching Regulators 

Note that apart from power and current considerations, the 4A7800, »A78M00, ~A78C00 and 
wA78L00 are interchangeable in most positive 3-terminal regulator applications, and the »A7900 
and 2A79MO00 in 3-termina!l negative regulator applications. The same applies for their 4-terminal 
counterparts. Appropriate changes may be necessary, however, in the external components when 
changing from one regulator to another. Line and load regulation data provided for the applications 


pertain to the circuit using the specific device indicated. This data would naturally vary somewhat 
with the use of different devices and is not meant to be a worst-case representation. 


Fixed Positive 3-Terminal Regulators 

Basic Regulator Configuration 

The basic’ configuration of the 3-terminal positive regulator with a bypass capacitor and single-point 
grounding is shown in Figure 3-7. Currents in excess of the output capability of the basic 3-terminal regu- 
lators can be obtained with the circuit shown in Figure 3-2. Resistor R1 determines the point at which 
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the external series-pass transistor Q1 begins to conduct; its value is determined by the following formula. 


a VBE1 
lOUT(max) 
IREG(max) — “Bot (min) 


where Bq > 10 


Maximum available current with this circuit is expressed as follows. 


. “VBE 
lOUT(max) = 601 | 'REG(max) — “Rq_ 


It should be noted that Q1 is not short-circuit protected but protection can be achieved by adding a 
short-circuit sense resistor Rgc and a pnp transistor Q2 as shown in Figure 3-3. In this circuit, Q2 must be 
able to handle the short-circuit current of the regulator since, when Q1 is bypassed, the regulator goes 
into the short-circuit mode. The short-circuit current is determined by the base-emitter voltage of Q2 an 
the short-circuit resistor Roc. 


_ VBE2 


Rsc = 


3-TERMINAL eur 
POSITIVE 
REGULATOR 


COM 


SINGLE POINT GROUND 


Fig. 3-1. Basic 3-Terminal Positive Regulator with Bypass Capacitors 


a1 
2N3792 


IN =yA7805 OUT 


NOTES: 
Line Regulation: Igyt = 100 mA, AViy = 5 V, AVg = 1 mV 
Load Regulation: Vij = 10 V, Aloyt = 5A, 4Vg = 10 mV 


Fig. 3-2. High Current Voltage Regulator 
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Another method of achieving short-circuit protection with an external series-pass element is to use a 
diode as shown in Figure 3-4. Resistors R1 and R2 are used to set the ratio of the current handled by the 
regulator and the series-pass transistor, so that, assuming the diode drop Vp; = Ver 


Maximum current achievable with this circuit is expressed as follows. 


(R1 + R2) 
1QOUT(max) = R11 'REG(max) 


By proper selection of the regulator and transistor heat sinks, the thermal protection of the regulator can 
be extended to the series-pass transistor. This circuit has one drawback — the dropout voltage is 
considerably higher than that in the circuit of Figure 3-3. This is due to the voltage drop across the current 


sharing resistors R1 and R2. 
Q1 


Rsc 2N3792 





+VIN © 


IN wA7T8XX OUT O+Vo 


COM 


0.1 pF 


COMMONCO O COMMON 


R1 Q1 4 
0.409 2N3792 ———— 


IN wA7805 OUT 


COM 





NOTES: 
Line Regulation: AVjy = 10 V, Iopyt = 3 A, AVQ = 1 mV 
, Load Regulation: Viy = 12 V, Aloyt = 5 A, AVo = 30 mV 


Fig. 3-4. 5-Amp Regulator (with Short Circuit Protection) 
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Parallel Regulators 

To obtain higher output current without using a power transistor as a booster, several! regulators in 
parallel may be used. Regulation of the overall system can be improved if the individual devices are 
matched for output voltages as shown in Figure 3-5. lf the outputs are not matched, it is likely that the 
output current will not be shared between the regulators and, as a result, some of the regulators will 
operate at or near the current limit while others are at their quiescent no-load levels. 


Excessive InputiOutput Differential 

When a regulator is operating with a large input-output differential, the addition of a series resistor with 
the input extends the operating range of the device by sharing the power dissipation, see Figure 3-6. The 
value of the series resistor R1 must be low enough so that, under worst-case conditions, (lowest sup- 
ply voltage, highest output voltage, and highest load) the device remains in regulation. R1 can be 
calculated as follows. 


2 Vsimin) — VO(max) ~ YDO(max) 


R1 
lOUT(max) + la(max) 


_ pA78B05 


COM 


wA7805 


il 


uAT805 


COM 


NOTES: 
Line Regulation: Ioyt = 1A, AVin = 10 V, 4VoyT = 3 mV 
Load Regulation: Viy = 10 V, Algyt = 1.5 A, AVo = 30 mV, AloyT = 2.5 A, AVo = 65 mV 


Fig. 3-5. Parallel Operation of Regulators (High Output Current without a Power Transistor) - 
Output Voltages Matched to +50 mV | 
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where 

Vs(min) is the minimum supply voltage 
VDO(max) is the maximum dropout voltage 
lO(max) is the maximum quiescent current 


Maximum regulator dissipation, however, occurs with highest supply voltage and highest load current. 


PD(max) = [Vinimax) a Voimin)] !OUT(max) # 
where 


VIN(max) = VS(max) — [touTimax) + ta(max) | R1 


For a constant load, the regulator input voltage varies by the same amount as the supply voltage and con- 
sequently the line regulation of the device remains essentially the same. 


For load regulation, assuming constant supply voltage, the combined effects of the change at the input — 


due to the voltage change across R1 must be taken into consideration. !n this configuration, as the load 
is increased, the regulator input voltage decreases and the net result, in most cases, is a slight degrada- 
tion in the performance of the regulator since these two effects are additive. 


« 


The load regulation can therefore be calculated as follows. 


Load regulation at constant Vs = load regulation at constant Vin + line regulation 


Example: Assume a supply range of 25 to 35 V used with avA78M12 regulator delivering an output current 
of 100 to 300 mA. 


From the data sheet: VQimin) = 11.4 V 
Assume VpQ(max) = 2-5 V. 


lQ(max) = 6 MA 


_ 25 - 126-25 _ 
RI = ~—300 + 006 oat 


With this value of R1 and a load varying from 100 to 300 mA, the input voltage to the regulator varies, 


AVin = Slout R11 =6.6 V 


REGULATOR 
OUT 





Fig. 3-6. Reducing Power Dissipation in a Regulator with Dropping Resistor R1 _ 


ve, 


an 
4 


The effect of the 6.6 V change at the regulator input under the worst case condition is 50/14 x 6.6 = 
24 mV additional change at the output terminal. The inclusion of the 33 Q reduces the maximum 
power dissipation of the regulator as shown below. | 


From Ppymax) = (35 - 11.4) x 0.306 = 7.22 W (without R1), 
To Poimax)= (35 - 33 x 0.306 - 11.4) x 306 = 4.13 W (with R1) 


Note that the power dissipation is shared between the regulator and R1. 


Input Voltage > ViIN{(max) 

When a regulator is used with supply voltages greater than the rated regulator maximum input 
voltage, the circuit shown in Figure 3-7 can be used. This circuit essentially provides a constant 
voltage to the regulator with supply voltage variations. The choice of Zener diode voltage is dic- 
tated by Vin(min) of the regulator and VBE(max) Of Q1. 


High Output Voltages 
Figure 3-8 shows a simple circuit that can be used to obtain an output voltage greater than the standard 
fixed voltages available. The quiescent current biases Zener diode D1 and the regulator common terminal 
rides on the pedestal established by D1. If the Zener must be operated at currents greater than the quies- 
cent current level of the regulator, then R1 can be used to increase the Zener current. If, on the other 
hand, lower Zener current is satisfactory, R1 can be placed in parallel with D1 to shunt some of the 
current. Caution: this circuit configuration cannot utilize the thermal shutdown or short-circuit protec- 
tion features of the regulator if the input voltage exceeds the maximum input voltage rating of the 
regulator. 

Figure 3-9 can be used to take advantage of the protective features of the regulator. Here too, the regu- 
lator common terminal operates on the pedestal established by Zener diode D1. Zener diode D2 and the 
Darlington configuration of Q1, Q2 reduces the regulator input voltage to a safe value. The Darlington 
configuration prevents loading of Zener diode D2, and thus maintains a high level of regulation. Diode 
D3 protects the regulator against accidental shorts by clamping the common terminal of the regulator to 
a diode drop above the shorted output. 


Remote Shutdown 

Electronic shutdown is used in some applicatons where, under certain conditions, the removal of power 
from the load is desired. This function can easily be achieved with multi-terminal regulators, such as the 
pA723, 4A105, 4A104, since these regulators are either equipped with shutdown capability or the 
non-inverting input of the error amplifier is accessible (See Figure 3-67). With the 4-terminal regulators, 
the control terminal is the inverting input and therefore some external parts are necessary to turn off 
these devices. The same applies for the 3-terminal devices. The 3-terminal regulator circuit of Figure 3-10 
has a remote shutdown feature. Under normal conditions, Q2 is on and provides the base current of Q1. 


Qi 
2N3716 VIN 


#wA7812 OUT 


45 V<VIN<55V 


COMMON O 
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O+Vo = 44V 


R1 
OPTIONAL 
SEE TEXT 


COMMONO 


= NOTES: 
Line Regulation: AViy = 10 V, Ioyt = 0.5 A, AVg = 60 mV 
Load Regulation: Viy = 50V, AloyT = 1A, AVo = 70 mV 


Fig. 3-8. High Output Voltage Regulator, No Short-Circuit Protection 


Q2 
1N3714 


COMMONO 


NOTES: 
Line Regulation: IgyT = 1A, AVin = 10 V, AVo = 230 mV 
Load Regulation: Viy = 75 V, Aloyt = 1A, AVo = 18 mV 


Fig. 3-9. High Output Voltage Regulator with Short-Circuit Protection 


POSITIVE 


REGULATOR OU 


COM 


Fig. 3-10. Remote Shutdown 
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Q1 acts as a switch and is either in saturation, when the signal to the base of Q2is high, or is off when the 
signal to the base of Q2 is low. It must have a current rating equal to the load current. Turn-off time is 
dependent on C2 and the load current; the higher the !oad current, the faster the turn-off time. 


Constant Current Regulator 
Any 3-terminal regulator can be used as a constant-current regulator as shown in Figure 3-11. The 
current loyT which dictates the regulator type to be used is determined by this equation. 


Vo m 
lout = B7 + Ia 
where Vo is the regulator output voltage and Io is the quiescent current. 


The input voltage Vij, must be high enough to accommodate the dropout voltage at the low end, but 
must not exceed the maximum input voltage rating at the high end. 


Fixed Negative 3-Terminal Voltage Regulators 

Since negative voltage regulators are complements of the positive voltage regulator, almost all the posi- 
tive-regulator applications can be converted into negative versions by appropriate changes in the polarity 
of the input voltages. If external active components such as series-pass transistors are used, they should 
be the complements of those used in the positive-regulator application, i.e... npn transistors replaced by 
pnp and vice versa. The basic configuration of the 3-terminal negative voltage regulator is shown in Fig- 
ure 3-12, below. 


3-TERMINAL 
POSITIVE OUT 
REGULATOR 


Fig. 3-11. Constant Current Regulator (Positive Output) 


 3-TERMINAL OUT 
NEGATIVE 
REGULATOR 


COM 


SINGLE POINT GROUND 


Fig. 3-12. Basic 3-Terminal Negative Regulator with Bypass Capacitors 
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Figures 3-13 and 3-14 show the negative complements of the positive voltage-regulator circuits in 
Figures 3-2, 3-3 to obtain higher output currents, while Figure 3-75 shows a negative current regulator 
with an output current expressed as follows. : 


Vo 
louT = Ry t !a 


NEGATIVE 
IN REGULATOR OUT 


Fig. 3-13. High Output Negative Current, Short-Circuit Protected Regulator 


a1 
Rsc 2N3716 


NEGATIVE 
REGULATOR 


OUT 


NEGATIVE 
3-TERMINAL 
REGULATOR 


COM 


louT = vo +10 
R1 


Negative Current Regulator 
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Adjustable Positive 3 and 4-Terminal Voltage Regulators 

The circuits covered so far are restricted to the fixed voltages of the 3-terminal regulators. With some ex- 
ternal components, the normal output voltage of a 3-terminal regulator can be changed to meet other 
voltage requirements. This often results in a slight degradation of the regulator parameters; therefore, 
before selecting a 3-terminal regulator for these applications, an adjustable 4-terminal regulator should 
be considered. Usually, the same function can be attained by an adjustable regulator with fewer com- 
ponents and no sacrifice in performance. 


Non-Standard Fixed Positive Output Voltage Regulator < 

Non-standard regulated output voltages greater than the regulator voltage can be obtained from a fixed 
3-terminal regulator as shown in Figure 3-76. The voltage pedestal developed across R2 is added to the 
normal regulated output voltage, VREG.- 


= 


R2 
VouT = VREG (1 + a) + IQR2 


The current through R1 is set much higher than Iq to minimize the effects of the change in Iq that occurs 
with a change in the load current or the input voltage. The values of R1 and R2 can be calculated as fol- 
lows. 


_ VREG 
RY 
and 
Vo -V 
aoc O REG 
IR4 + lo 
if IR1 = 5lo, then 
VREG 
519 





R1 = 


uA7815 OUT. 


COM 


12V<VINS22V 


COMMON O 


NOTES: 
With R2 = 0, Vo = 14.85 V 
Line Regulation: AViy = 10 V, IonyT = 0.5 A, AVg = 5 mV 
Load Regulation: Algyt = 1 A, Viq = 25 V, AVg = 28 mV 
With R2 = 272, Vo = 16 V 
Line Regulation: AVijy = 10 V, IgyT = 0.5 A, AVg = 8 mV 
Load Regulation: Aloyt = 1 A, Vin = 25 V, AVo = 32 mV 


Fig. 16. Non-Standard Fixed Positive Output Voltage Regulator 
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and 


2 Vo - VREG 


R2 Gig 


Example: Assuming 16 V output from a “A7815 and Iq = 5.1 mA, with R1 = 470 Q 


lat =a = 31.9mMA 
STO" 29; ; 
_ 16-15 
R2=—37 27 2 


To compensate for fluctuations in quiescent current, output voltage tolerance and resistor tolerance, R2 
may have to be an adjustable resistor if a tight tolerance Vo is desired. 


Another method of obtaining non-standard output voltages or adjustable outputs from a fixed 3-terminal 
regulator is to use an operational amplifier as shown in Figure 3-77. The voltage pedestal developed 
across R2 is added to the normal regulated output VpggG so that, for the component values shown, 


7 2 VREG. AUR 
, or" Rt 





The negative supply is required to allow adjustment to the lower output voltages. The maximum supply 
voltage is restricted by the maximum supply voltage rating of the wA741. 


Basic 4-Terminal Positive Regulators 
The 4-terminal adjustable regulators are ideal for applications that require non-standard output volt- 
ages. Fixed or adjustable output voltages are determined by the following equation. 


(R1 + R2) 
Vo = Veont Ra 


where Veont = control pin voltage which is nominally 5.0 V for the uA78G or “HA78MG. 


i in HA7805_— out - 
R4 


ypA78M05 


COM 


-ViINO 
-7VTO 
-17V 


COMMONO O COMMON 





Fig. 17. Variable Output Voltage, 0.5 to 10 V © 
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Output voltage ranges from the value of the control voltages to 30 V can be obtained using the circuit in 
Figure 3-18. Load regulation of the 4-terminal regulators can be improved if the feedback resistors R1 
and R2 are connected to the load side of the output rather than directly across the regulator. 


Adjustable Regulator with Increased Output Current | 

For applications that require higher output current, the bootstrapped emitter-follower output circuit 
shown in Figure 3-19 provides current in excess of 20 A. Note that the base-emitter junction of the 
external series-pass transistor Q1 is in the feedback loop and consequently does not affect the 
temperature coefficient of the output voltage. Also note that Q1 is not protected against output 
shorts. Protection can be added as shown in Figure 3-20a. Here Q2 protects Q1 and Q2 must have a 
current rating equal to the short circuit current of the regulator. Figure 3-206 illustrates how short- 
circuit protection can be added when more than one device is used as a series-pass element. 
Another method of-obtaining increased output currents is shown in Figure 3-27 and 3-22. These are 
basically the same Circuits covered under fixed regulators (Figures 3-2 and 3-3). 


OUT 


4-TERMINAL 

ADJUSTABLE 
POSITIVE 

REGULATOR 


NOTES: 
R1 + R2 
Vo = R2 VCONTROL 


VCONTROL Nominal = 5 V 
Recommended R2 current ~1 mA 


Fig. 3-18. Basic 4-Terminal Fixed or Adjustable Positive Regulator 


POSITIVE 
IN| 4-TERMINAL 
REGULATOR 


Fig. 3-19. Adjustable Positive Regulator with Increased Output Current 
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Low Output Voltage Regulator 


For applications requiring output voltages below the capabilities of the 4-terminal regulator, another 
regulator of opposite polarity can be used to offset output voltage by the required amount. Figure 3-23 
shows a supply with an adjustable output from O to 25 V. The negative “A79MO5 is used to offset the 
“#A78MG common by 5 V to achieve an adjustable output range down to O V. The drawback of this circuit 
is that it requires a dual supply. The addition of the wA79MO5 increases the circuit complexity, but the 
resulting increase in output range will compensate for the additional number of circuit components. 


OUT 


4-TERMINAL 
IN - REGULATOR 


cOoM CONT 


Fig. 3-20a. Positive High Current Short Circuit Protected Regulator 


JY, 2N3055 
Leta | = 


+Vo (FORCE) 


+Vo (SENSE) 


COMMON (SENSE) 
‘ 


a as Taira COMMON (FORCE) 


: * 
NOTES: 
Typical Performance: Vo = 10 V 
Line Regulation: Igyt = 5 A, AVin = 10 V, AVo = 4 mV 
Load Regulation: Viy = 18 V, Algyt = 10 A, AVg = 2 mV 
Short Circuit Current: Vin = 18 V, lout = 13 A 


Fig. 3-20b. 10 A, 5 to 30 V Adjustable Regulator with Short Circuit Protection 
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Adjustable 3 and 4-Terminal Negative Regulators 


The concepts used for the positive regulators can be expanded to include negative regulators. The fixed 
3-terminal or adjustable 4-terminal negative regulators can be used to obtain the required outputs. 


Non-Standard Fixed Negative Output Voltage 


Figure 3-24 shows the method for obtaining a non-standard negative output voltage from a standard 
negative 3-terminal regulator. The design procedure is exactly the same as that used for the positive 
regulator. The voltage pedestal across R2 raises the output voltage to the required level. The output voit- 
age can be calculated as follows. 


% 


os 


Vo = Vx (a1 +2) + IQR2 


a1 
2N3792 


POSITIVE 
4-TERMINAL 
REGULATOR 


COM CONT 


Fig. 3-21. Positive High Current Adjustable Regulator 
(No Short Circuit Protection) 


Qt 
2N3792 


a2 
POSITIVE 
4-TERMINAL 
REGULATOR 


Fig. 3-22. Positive High Current Adjustable Regulator 
(With Short Circuit Protection) 
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2N3055 


+VIN © 
35 V MAX 
2N3054 


VOLTAGE 
ADJUST 25k 
COARSE 


—~O COMMON 


COM 


—VIN © 79M05 OUT 
-8VTO-35V 


COMMONO 


NOTES: 

Load Regulation: Vij = 30 V 

Vo= 2V 6V 
AVouT=1A -26mV -28 mV 
Alout = 2A -30 mV -35 mV 
Vo = Oto 25V 

lout =O to2A 


Fig. 3-23. Adjustable Power Supply with Short Circuit Protection 


NEGATIVE 
IN REGULATOR OUT 


COM 


Fig. 3-24. Non-Standard Fixed Negative Output Voitage 
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Figure 3-25 shows an adjustable output negative regulator circuit with an output voltage range from 
-0.5 to —10 V. It requires a dual polarity supply. if a 5 V regulator is used, the output voltage is 
determined by the following formula. 


 RLER2 R2 
Vo = VREG “aq 0 0.45 (1+ ==) v 





Basic 4-Terminal Negative Regulators 
The wA79G and wA79MG 4-terminal negative adjustable voltage regulators have a nominal reference 
of —2.23 V. The output voltage is determined as follows: ~ 


(R1 + R2) 
VouT = Vcont Ra 


Output voltages from} the control voltage to —30 V can be obtained using the circuit in Figure 3-26. The 
output-current capability of the 4-terminal negative adjustable regulators can also be increased by using 


Vin > -12V 
-Q 


COMMON O 


+ © 
V>+t7V 


Fig. 3-25. Adjustable Output Negative Regulator (—0.5 V to —10 V) 


“OUT 


IN #A79G/uA7TSMG 


COM CONT 


7 COMMON 


*may be necessary with long leads 


Vo = (= a) VCONTROL 


VCONTROL Nominal = —2.23 V 





Fig. 3-26. Basic 4-Terminal Fixed or Adjustable Negative Regulator 


a 
° “ 


an external pnp or npn series-pass transistor as shown in Figure 3-27 and 3-28. These two circuits do not 
have short-circuit protection. Figure 3-29 shows an adjustable high-current negative regulator with 
short-circuit protection. Transistor Q2, which protects the external series-pass transistor Q1 against 
shorts must have a current rating equal to the short-circuit current of the IC regulator. 


OUT 


IN 2A79G/u479MG 


“COM CON 


pATIMG 


com ca 


NOTES: Vin =~-10V, Vo =-5V 
Line Regulation: AVjy = 10 V, loyt = 2 A, AVo = 20 mV 
Load Regulation: Aloyt = 4A, AVo = 15 mV 


Fig. 3-28. Negative High Current Adjustable Regulator 


Vo = -2.2 V to-30V 
Veg (Q1) 

~ Isc 

_ _Bx VBE (a1) 

~ IREG(max) 8 — loutimax) 


Rsc 
R1 


Fig. 3-29. Negative High Current Regulator with Short Circuit Protection 
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Dual Regulators | 

‘Dual regulators, or dual power supplies, are normally used for applications requiring two output 
voltages of opposite polarities that do not necessarily have equal magnitudes, for example, +12 V, —5V. 
However, the word dual can also imply two supplies of the same polarity but of different magnitudes, 
such as +5 V, +12 V. With dual tracking, not only are the output voltages of different polarities, but one 
output voltage always follows the other one, /.e., an increase in the positive voltage results in a decrease 
in the negative output voltage. 


Dual Supplies . 

The simplest dual!-polarity supply can be obtained by using a positive and a negative 3-terminal 
regulator with a center-tapped transformer as shown in Figure 3-30. The same type of dual supply can be 
achieved with two positive (or two negative) regulators if a transformer with two isolated windings is 
used as shown in Figure 3-37. 


The reverse-biased diodes connected across the outputs of the dual regulator circuits are not necessary if 
the loads are referenced to ground. If the loads are tied between the two outputs, however, a latch-up may 
occur at the instant power is turned on, especially if one regulator input voltage rises faster than the sec- 
ond one. The diodes, that ensure proper start-up of the regulators by preventing a parasitic action from 
taking place when power is turned on, should have a current rating equal to half the load current. 


POSITIVE 


: > tin T 
REGULATOR OY 
S com * 
SECONDARY 
WINDING a 
Pal ie I 
N in NEGATIVE oy 


REGULATOR 


Fig. 3-30. Dual Supply using a Center Tapped Transformer with a 
Positive and a Negative 3-Terminal Regulator 


POSITIVE 
in REGULATOR ouT 
A 


cOM 
I iA 
SECONDARY wy x 
WINDING Ok 
A 


POSITIVE 


SECONDARY 
WINDING 
B 


Dual Supply using a Transformer with Two Windings 
and Two Positive 3-Terminal Regulators 





3-22 


Figure 3-32 shows a single positive-polarity dual supply with +5 and +10 V output. It uses two 5 V 
HA78MO05 regulators operating from a single positive voltage source. The +10 V output is achieved by 
connecting the common terminal of the top regulator A to the output of the bottom regulator B. Diode D1 
ensures proper start-up of the top regulator and prevents a latch-up that may occur under a heavy load 
condition on regulator A. Resistor R1 provides a path for the quiescent current of regulator A and can be 
eliminated if regulator B has a minimum load current greater than the quiescent current of regulator A. 


The concept of Figure 3-32 can be used to achieve a dual-polarity output from a floating single supply as 
shown in Figure 3-33. This circuit is restricted in that RL+ > RL-, since all of the current provided by the 
positive regulator A must flow through R,-. 


POSITIVE louTtA 
SECONDARY IN| REGU 


WINDING Pas OUT. 
COM a. 


POSITIVE 


NOTE: Ri + > Ry — 


Fig. 3-33. A Dual Polarity Supply from a Single Transformer Winding 
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Fixed Dual Tracking Regulators 

Figure 3-34 illustrates a power supply for applications that require tracking between dual supplies. 
This circuit has a positive and a negative regulator, an operational amplifier used as a comparator, 
and two matched resistors. Tracking is accomplished by connecting the two regulator common 


~ terminals to the output of the “A741 that provides a potential on which the common terminals of 


the regulators float. The summed regulator outputs, Vot+ and Vg—, are then compared to the 
power supply common. , 


The positive and negative regulator outputs track as follows: any change in the positive regulator output 
causes an opposite change on the common terminals and also on the negative regulator output. For ex- 
ample, a decrease in the positive regulator output voltage causes a like change in the amplitude of the neg- 
ative regulator output. Since each regulator has a reference, no slaving exists between the outputs and, 
as a result, tracking is true and independent of polarity. 


The degree of tracking depends on the matching of R1 and R2 since Vot/VQ- ~ R1/R2. This configur- 
ation is also valid for non-symmetrical voltages. Proper care must be taken to insure that the maximum 


supply voltage rating of the “A741 is not exceeded when the regulators are operating with high input 
voltage sources. 


Adjustable Dual Tracking Regulators 

For applications requiring independently adjustable tracking outputs, the circuit of Figure 3-35 can be 
used. Tracking is accomplished by connecting a common resistor between the control terminals of the 
two 4-terminal adjustable regulators. Because of the internal feedback of the 4-terminal regulators, a 
constant voltage is developed across the resistor string R1, R2 and R3. Variations at one of the output 
nodes are reflected at the control nodes causing corresponding variations at the opposite output node. 
Note that tracking between the two outputs is not one to one but rather depends on the absolute value 
of the two references and the feedback resistors R1, R2, and R3. The output voltages are determined by 


+ + Ri + ~ 
Vo = VREF *+ p> (VREF “ VREF) 


~ R3 + - 
Vo = VREF ~ a5 (VreF - VreF) 


POWER SUPPLY 


Fig. 3-34. 5 V Fixed Dual Tracking Power Supply Using 
vA7805 and vA7905 Regulators 
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Tracking between the outputs can be improved by adding a 4A741 and modifying the circuit as 
shown in Figure 3-36. This circuit yields an adjustable true dual-tracking regulator with internal 
short-circuit protection, safe-area limiting, thermal overload protection, and is capable of a 500 mA. 
maximum output current. The outputs of the regulators are independently adjustable by poten- 
tiometers P1 and P2. With the component values shown, the output voltage of the positive »A78MG 
can be varied from 5 to 30 V, and the negative u«A79MG can be varied from —2.2 to 27.2 V. Opera- 
tion of this circuit is the same as the circuit shown in Figure 3-34. 


In #A7SMG 





Fig. 3-36. Independently Adjustable True Dual Tracking Power Supply 


‘Another method of obtaining dual tracking is to use a 4-terminal regulator with a 4uA741 and an external 
series-pass transistor as shown in Figures 3-37 and 3-38. Operation of the circuits is as follows. 


The 4-terminal regulator is used in its normal way as an adjustable regulator with the output adjusted by 
potentiometer P1. The A741 functions as an inverting amplifier and drives an external transistor that 
serves as a series pass for the complementary output. By grounding the non-inverting input of the 4A741 
and connecting the inverting input to the junction of feedback resistors R2 and R3, the output of the 
external series pass transistor becomes a slave of the regulator output and, consequently, potentiometer 
P1 adjusts both outputs simultaneously. The output of the transistor side tracks the regulator output, 
because any change in the regulator output causes a proportionate change in the inverting input of the 
pA741 and results in a corresponding change in the complementary output. Since the regulator output 
functions independently of the complementary output obtained from the external series-pass transistor, 
any change in the output from the series-pass has no effect on the regulator output. The transistor output 
is a slave of the regulator output and is not protected against shorts. The outputs for both circuits can be 
adjusted to a maximum of +30 V at the high end by the proper selection of R1 and P1. The low end can be 
adjusted to +5 V for the circuit of Figure 3-37, and to +2.23 V for Figure 3-38. For high input voltage 
conditions, proper care must be taken to insure that the maximum supply voitage rating of the 4741 is 
not exceeded. 


The #A741 and the external series-pass transistor of Figures 3-37 and 3-38 can be replaced by a power 
op amp such as the “A759 as shown in Figures 3-39 and 3-40. Operation of these circuits is identical to 
the previous two, but since the “A759 has internal short-circuit protection, thermal shutdown and safe- 
area protection, both outputs are therefore protected. Output currents in excess of +350/—200 mA and 
+200/~350 are achievable from the circuits of Figures 3-37 and 3-38, over the operating temperature 
ranges of the two parts. The output voltage range of Figure 3-39 is limited by the 5 V reference of the 
p#AT8MG at the low end, and the maximum supply voltage of the HA759 at the high end. The output volt- 
age of Figure 3-40, however, is adjustable over a wider range (+2.2 V to +30 V) because of the lower ref- 
erence voltage of the “A79MG and the common-mode range of the “A759. 


IN yA78MG 


COM CONT 


2N6124 


NOTES: 

Negative output is a slave of the positive output 
Output voltage balance (Vo = 10 V): 10 mV 
Load regulation (Aloyt = 0.5 A): 6 mV 

Line regulation (AV; = 10 V): 2 mV 


Fig. 3-37. Dual Tracking Adjustable Regulator 
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2N6121 


NOTES: 
Positive output is a slave of the negative output. 
Performance is similar to the circuit of Fig. 3-37. 


Fig. 3-38. Dual Tracking Adjustable Regulator 


-7vTO 
-20V 


Fig. 3-39. +5 to +15 V Adjustable Dual Tracking Supply using a Positive 
Adjustable Regulator with a Power Op Amp 


+ViNO 
+7 VTO +35 V 


—-7 VTO -35 V 


+2.2 to +30 V Adjustable Dual Tracking Regulator using a Negative 
Adjustable Regulator and a Power Op Amp 
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PRECISION VOLTAGE REGULATOR — A723 

The A723 is an industry standard universal building block for power supply design. The device 
‘consists of a temperature compensated reference amplifier, error amplifier, power series pass tran- 
sistor and current limit circuitry. Additional npn or pnp pass elements may be used when output 
currents exceeding 150 mA are required. Provisions are made for adjustable current limiting and 
remote shutdown. In addition, the device features low standby current drain, low temperature drift 
and high ripple rejection. The 4A723 is intended for use with positive or negative supplies as a 
series, shunt, switching or floating regulator. 


Figure 3-41 shows the open loop frequency response of the “A723 voltage gain stage. The increase 
in the rate of phase shift is due to the beta fall off of the output stage at higher frequencies. This 
increasing phase shift rate requires device compensation whether or not the “A723 is used with 
external components. 


Recommended frequency compensation for the unity gain is either a 5000 pF capacitor from the 
compensation terminal to the V- terminal or a 20 pF Miller compensation capacitor connected from 
the frequency compensation terminal to the inverting input. To allow proper operation when using the 
Miller compensation, the inverting input must be isolated from the remaining circuitry by some im- 
pedance. This is illustrated in Figure 3-48a. For output voltages greater than Vref. the closed 
loop gain is greater than unity. If higher closed loop gains are used, the compensation capacitor can 
be reduced in direct proportion to the increase in gain. 


When using an external series pass device, the 3 dB bandwidth of this device must also be consider- 
ed, particularly since the majority of these devices have a much lower bandwidth than the #A723. 
For instance, if a 2N3055 is selected as the series pass device to be used in a unity gain configura- 
tion power supply, this device has a minimum f7 of 800 kHz and a maximum beta of 70. This intro- 
duces a 3 dB point in the overall loop gain at approximately 11 kHz, which means that heavier fre- 
quency compensation of the regulator is required to assure stability. Since the first break point of 
11 kHz is due to the external power device, the regulator should have less than unity gain at the 
second break point. The second break point is the first break point of the “A723 gain stage, which 
occurs at approximately 80 kHz as shown in Figure 3-41. Adequate compensation is provided by a 
0.02 uF capacitor from the compensation terminal to common - or by a 40 pF Miller capacitor from 
the compensation terminal to the inverting input. As before, for any increase from unity gain, there 
can be a proportional reduction in the compensation capacitor. 


NOTES: 
. OPEN LOOP PHASE SHIFT 
. OPEN LOOP VOLTAGE GAIN 
. GAIN WITH 5000 pF, COMP TO COMMON 
. GAIN WITH 0.01 nF, COMP TO COMMON 
. GAIN WITH 0.02 nF, COMP TO COMMON 
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Fig. 3-41. A723 Open Loop Voltage Gain and Phase Shift as a Function of Frequency 


~ 


However, the value of the Miller capacitor may not be reduced in direct proportion to the standard 
compensation reduction; this is to allow for gain variations in the HA723 and for parasitic capacitances. 
Extra capacitance may be required at both the input and the output of any power supply due to the 
inductive effects of long lines. Adding output capacitance provides the additional benefit of reducing 
the output impedance occurring at higher frequencies. 


THERMAL CONSIDERATIONS 
uA723 Load Current Capabilities 


Figure 3-42 provides a quick reference to the allowable power dissipation of the uA723 in terms of the 
input/output differential voltage and load current. Figure 3-42a is for the HA723C in the TO-100 pack- 


age (10-lead metal can), Figure 3-426 is for the HA723/pA723C in the TO-116 package (14-lead, her- | 


metic dual in-line); and Figure 3-42c refers to the MIL temperature range “A723 in the metal can. 


CO aan 
are ail PSTANDBY = 60 mw || PSTANDBY = 60 mw 
METAL CAN } DIP 
ie (NO HEAT SINK) || (NO HEAT SINK) 


IL MAX — mA 


20 30 
Vin - Vout - V Vin — VouT— V 
b 


Pf LT | | trax =t50°0 


200 


Lt | [eetawpgy = 60 me 


(NO HEAT SINK) 


Vin ~ Vout — V 
c 


Fig. 3-42. 4A723 Load Current Capabilities for Maximum Load Current 
as a Function of Input/Output Voitage Differential 
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A723 Maximum Power Dissipation in Free Air 
The previous curves are based on the free-air dissipation ratings shown in Figure 3-43. The thermal 
derating factor is 6.8 mW/°C for the TO-100 metal can and 8 mWPC for the TO-116 hermetic DIP. When itis 
necessary to heat sink the TO-100 package, a thermal resistance 50°C/W junction-to-case may be used. 
The relationship between power dissipation Pp, maximum ambient temperature Ta, and thermal 
resistance from case to ambient 6¢,, is shown in the following equations. These equations may be used 
to calculate the maximum allowable power dissipation, Pp, or the maximum allowable heat sink 
resistance, 9C,q, from a given set of conditions. 
Pp= (arenas) W, or OCA = eae —50°C/W 

FUNCTIONAL TEST CIRCUIT 
Simplified Tester Schematic 
A simplified functional test circuit for the uA723 is given in Figure 3-44, The output voltage is set for 
a nominal +5.0 V. The basic test steps are as follows. 


1. Load Regulation at 50 mA, Close $1 : 

Measure output voltage change with S2 open and closed, (a load current change of 50 mA). 
2. Line Regulation, 

Open $2 

Measure output voltage change resulting from a change in input voltage Vij 
3. Short Circuit Current, Open S1 and S1 

Measure output current when the output is shorted to ground 
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Fig. 3-43. uA723 Maximum Power Dissipation in Free Air 
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Fig. 3-44. Simplified Tester Schematic 
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TYPICAL APPLICATIONS 

Introduction 

The required output voltage for the following uA723 applications can be calculated from the equation 
accompanying each circuit. in all cases the resulting resistor values are assumed to include any poten- 
tiometer resistance used. In addition, 7ab/e 3-7, included at the end of the section, affords a quick refer- 
ence for many standard output voltage requirements. The previous section on frequency compensation 
is a guide to the suitable values of compensating capacitors used in the various applications. Specific 
transistor types are not included in this section. However, Chapter 5 includes a discussion of the selection 
of power devices. = 


In the following applications, the “A723 is represented in a number of ways. In those circuits where 
the regulator operation is very basic, the symbo! of Figure 3-45 is used. in those applications where 
the circuit operation is clarified by the use of a functional schematic of the wA723, Figure 3-46 is 
used. In some cases the“‘individual components of this block may be rearranged to simplify a particular 
schematic. The reference voltage is represented by a single Zener diode, nominal voltage 7.15 V sup- 
plied from a constant current source. The output Zener diode, VaQyt to Vz, is shown only in the 
required applications. 


V- 


VREF INV INV COMP 


Fig. 3-45. uA723 Logic Symbol 


Fig. 3-46. vA723 Functional Symbol 
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Output Configurations | 

Many of the applications use internal Zener diodes for level shifting or for the generation of stabilized 
voltages. An explanation of where these diodes exist in the uA723 circuit may help to avoid any problems 
arising from improper biasing. 


The uwA723 output stage schematic is shown in Figure 3-47a. The Vz terminal provides direct access 
to a 6.2 V Zener diode whose cathode is internally connected to Vout. Provided the internal current limit 
transistor is not required for output short circuit protection, its base-emitter junction provides another 
6.2 V Zener diode (See Figure 3-47b). Note, however, that fhe anode of this diode, terminal CL, is con- 
nected internally by the collector-base junction diode to the base of the output drive transistor. When 
using the CL - CS Zener diode, the collector-base diode must always be reverse biased. Maximum permis- 
sible CL — CS Zener current is 5 mA. Correct biasing is assured in Figure 3-47c by interconnecting the 
Vout and CL terminals to provide both positive and negative 6.2 V Zener diodes referenced to the 
VouT terminal. 


Positive Regulators, 150 mA Maximum 

Figure 3-48a shows the basic low voltage configuration suitable for output voltages ranging from 2 to 7 
V. The reference voltage, V agr is first divided down by R1, R2, and, if desired, potentiometer P1. Then 
it is applied to the non-inverting input of the error amplifier. Cage may be added if ripple rejection 
greater than that specified for the wA723 (74dB) is required. The presence of Cage also reduces the 
regulated output noise voltage considerably. 


Capacitor C1 provides frequency compensation. C1 is isolated from the low impedance output by 
R3 which also balances the error amplifier source impedances to give minimum temperature drift. 
To minimize component count at the expense of temperature drift, R3 may be omitted. In this case, 
C1 cannot be used for frequency compensation. Instead, C2 may be used from the compensation 
terminal to ground as shown in Figure 3-48b. To minimize power dissipation, the V+ and V¢ ter- 
minals may be supplied separately, with V+ requiring a minimum of 9.5 V, while the Vo supply. 
may be as low as 3 V above the regulated output voltage. The schematics shown in Figure 3-48a 
- and 3-48b have output voltages given by this equation. 


R2 
Von = [ —_— 
O (a ni ) VREF wher (R1+R2)>1.5k9 


Output voltages from 7 to 37 V are obtainable with Figure 3-48c, with the equation below. 


R1+R2 
Vo= Vv 
0 ( R2 ) REF 


if the reference bypass capacitor is required in this circuit, it should be connected from the non-inverting 
input to ground using R3 to increase the reference source impedance and improve the effectiveness of 
the reference capacitance. A 150 mA output current is available with Rgc set to zero. When short circuit 
current limiting is desired, Rg¢ may be used to limit the maximum output current as follows — 





VSENSE 


TLIMIT = Rsc 


where Vsense (the sense voltage. or the voltage between terminals CL and CS) is given in Figure 3-48d. 
The resulting output current limit has a temperature coefficient of —0.3%PC. 
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TYPICAL PERFORMANCE 


TYPICAL PERFORMANCE 
Regulated Output Voltage 5 V 


Line Regulation (AVijyi=3V) O5 mv Regulated Output Voltage 5V. 
Load Regulation (Al; = 50 mA) 1.6 mv Line Regulation (AVjy=3 VY) O.5 mV 
R1° R2 Load Regulation (Al, = 50 mA) 1.5 mv 
NOTE: R3= Al? R2 for minimum temperature drift ; 


b 


NON cs 
VREF INV INV COMP 


— 


TYPICAL PERFORMANCE 


Regulated Output Voltage 15 V 
Line Regulation (AV;jy=3 V) 1.5 mV 
Load Regulation (Al, = 50 mA) 4.5 mV 


R1° R2 eyes ; ; 
NOTE: R3= Ais R2 for minimum temperature drift 


CURRENT LIMIT SENSE VOLTAGE - V 
LIMITING CURRENT —- mA 


Peilicecelie ee 
pee 
-60 0 +50 «= +100 +160 
JUNCTION TEMPERATURE — °C 


R3 may be elimitated for minimum component count 
Cc 


Fig. 3-48. Basic Regulator Configurations 
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Positive Regulators, High Output Current . 
In Figure 3-49a an npn transistor, Q1, boosts the available output current beyond the capability of the 
»A723. Q1 can consist of several transistors cascaded to satisfy very high current requirements. {n this 
circuit, one Vee voltage must be added to the 3 V minimum input/output differential requirement for 
each transistor added. Depending on the type of transistor used for Q1, R3 should be added giving ICBO 
- compensation, and alleviating the safe area limitation of the output device. With Rsc set to zero, the 
maximum output current capability is (Q1 beta) x (150 mA). Rgc may be used to limit the short circuit 
current to any desired value up to this maximum in the same manner as outlined previously in Figure 
3-48. a 


An alternate circuit is shown in Figure 3-49b. Using an external pnp transistor, maximum output current 
is again (Q1 beta) x (150 mA). One Vee should be added to the minimum input-output differential 
voltage requirement for each additional transistor. The circuits in Figure 3-49 may support outputs in the 
range of 2 to 37 V by selecting the appropriate feedback network. Figure 3-49a is shown for output 
voltages from 7 to 37 V, whereas Figure 3-49b is shown for output voltages from 2 to 7 V. 


If it is required to vary the output continuously over a 10 to 1 range, it is necessary first to attenuate Vo so 
that Viny never exceeds VagefF even when Vo is at its maximum value, then provide a potentiometer 
adjustment from Vpr_rF to the non-inverting input. This is illustrated in Figure 3-49c, where Vo is 
attenuated by a ratio of 5:2:1. Maximum permissible Vo is then 35 V (giving a Viny of 6.8 V), which 
requires 38.6 V < Viyy < 40 V. Minimum Vo is determined by the minimum value for Vi jy. The specified 
minimum Viqy is 2 V; however, typically, Viqny may be reduced to approximately 0.72 V before the 
circuit no longer regulates. This corresponds to a Vo of 3.7 V. Other 10 to 1 voltage ranges may be 
obtained by varying the attenuation ratio, (R3 + R4)/R4, from 5.2 to, say, 1.4. Then Yo range will be 1 V to 
10 V (13.6 V < Vin =< 39 V). 


R3+R4 
vo>vncr (Zt) (Frm 


or, with the values of R3 and R4 as shown, 


Vo = 5.2 VREF (—". + 2) 


Positive Shunt Regulator 

The “A723 may be used in a shunt regulating mode by adding an external transistor, Q1. Special 
attention should be paid to ensure that the series limiting resistor, R4, is capable of handling the high 
power dissipation inherent in this mode of operation. Figure 3-50a is used with the 14-lead DIP version of 
the 4A723. When the 10-lead metal can is used, however, it is necessary to add a 6.2 V Zener diode 
externally, as in Figure 3-50b. 
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Regulated Output Voltage 
Line Regulation (AViyj=3 VV) 1.5 mV 
Load Regulation (AI, = 1 A) 











TYPICAL PERFORMANCE 


Regulated Output Voltage 


Line Regulation (AV;y=10V) O.5 mV 
Load Regulation (Al; = 100 mA) 1.5 mv 


wA723 
v cL 
NON cs 
VREF INV INV COMP 





TYPICAL PERFORMANCE TYPICAL PERFORMANCE 
+415 V Regulated Output Voltage 4+5V 
Line Regulation (AViyy=3V) 0.5 mV 
15 mv Load Regulation (At; = 1 A) 5 mV 
b 


TYPICAL PERFORMANCE 


Regulated Output Voltage 4-35 V 
Line Regulation (AV;yj=10V) Imv 
Load Regulation (Al), = 100 mA) 1 mv 


v NON 
VREF INV INV COMP 


+5 V 





Fig. 3-50. Positive Shunt Regulators 
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Positive Regulators, High Line Rejection 
As shown in Figure 3-51a and 6, the circuits each use the internal current limit transistor to preregulate 
the V+ supply, thereby increasing the line rejection to more than 100 dB. The CS - CL terminals provide 
_a 6.2 V Zener diode referenced to the output voltage, which is then used to supply V+. In these applica- 
tions R3 must be chosen so that the current into the CS terminal is limited to 5 mA maximum. 


’ Positive Regulators, High Input Voltage 

Input voltages greater than 40 V may be applied when the A723 is connected as shown in Figure 
3-52a. The regulated output voltage must remain less than 38 V to protect the regulator. R3 may be re- 
placed with a regulated current source in those cases where the variation of input voltage imposes ex- 
cessive power dissipation in the internal series pass device. Q2 provides short circuit protection, if required 
(the internal current limit transistor cannot be used in this application). The maximum input voltage is 
determined by the breakdown characteristics of Q1. When using the “A723 DIP version, D1 may be 
omitted and the Vz terminal grounded; in this case VReF must be resistively divided by two before being 
applied to the inverting input. 


TYPICAL PERFORMANCE 


Regulated Output Voltage +5 V 
Line Regulation (AViyq = ) mv 
Load Regulation(Al,; =50mA) 10mv 


IL (min.) = 5 MA 


TYPICAL PERFORMANCE 


Regulated Output Voltage +15 V 
Line Regulation (AVijnj=15V) mv 
Load Regulation (Ai; =50mA) 1Imv 


Vo 
(R1 + R2) max = 
5mA 


R1+ 
eel 


b 


Fig. 3-51. High Line Rejection 
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Note that in this type of application where the “A723 output stage is used as an additional inverting 
amplifier rather than the usual emitter follower, Veer must be connected to the inverting input of the 
error amplifier to maintain correct phase relationships around the regulating loop, i.e., negative feedback 
from the output. 


When using a pnp series pass device, high input voltages may be tolerated by using a Zener diode to re- 


duce the voltage appearing across the “A723, as in Figure 3-52b. For example, if D1 is a 20 V Zener. 


diode, input voltages to 60 V are permissible. D1 must be selected such that no more than 40 V is applied 
to the wA723 V+ and Vc terminals under maximum input voltage conditions. Similarly, the regulated 
output voltage must not exceed 37 V to maintain the specified input-to-output differential. 


Positive Regulator, Floating 


The A723 may be used to directly regulate hundreds of volts using the configuration shown in 


Figure 3-53, in which a floating power source is provided for the regulator by D1. The series pass tran- 
sistor becomes the only limiting factor in determining the maximum voltage and current which may be 
controlled. The Vaer terminal supplies all the current drawn by the sensing resistors and the total cur- 
rent must not exceed 5 mA. R5 must be selected to provide sufficient current to bias D1 and to supply the 
uA723 standby current at the minimum input voltage condition. D2, D3 and D4 are for protection pur- 
poses; fast switching diodes should be used. 


a TYPICAL PERFORMANCE 


Regulated Output Voltage +30 V 
Line Regulation (AVixyy = 20 V) 9OmvV 


x | LP Ez: ; Load Regulation (Ai, = 100 mA) 8 mV 
=a eee 


(.) 
= 
vay 


R 
*"Vo= (et ) vaer 


TYPICAL PERFORMANCE 


Regulated Output Voitage +15 V 
Line Regulation (AVi,yy = 20 V) 10mvV 
Load Regulation (Alg = 100 mA 30 mV 


R1+ R2 
vo=( Aa ) vnc 


Fig. 3-52. High input Voltage 





if Q1 is a high fy device, it may be necessary to add C2 to reduce the output noise level. If Vj jy is switched 
on and off, causing a very high dV; ,j/dt to appear at the 4A723 terminals, C3 may be added to ensure 
correct biasing throughout the circuit. In normal use, the on/off switch is in front of the rectifier/filter 
supply for Vij, therefore C3 is not necessary. Note from Figure 3-53 the following. 


_ R2\ _ (R3 R1+R2 
Vo = VREF | (83) (22) (Bet 82) | 
If R3 and R4 are made equal, 
Va = MREF (R2—R1 
Oo" 7? Ri 


The normal minimum regulated output voltage limitation of 2 V for the 4A723 does not apply to this 
circuit, since output Yoltages down to zero volts are readily obtainable. Assuming the regulator is operat- 
ing correctly, then the INV input equals the NON-INV input, i.e., 


a) (ass) 
Vot —2_j). ww +V 
(Vo* VREF) ‘Gres (VREF) (aay na O 


Vo Gee -1)- VREF (aft) - (<5) | 
vo=vner |(52) - (B2) (S5282)| 














Vv as +V 
REF \ag+ Ra) * VO 


l 
TYPICAL PERFORMANCE ini (‘senaby ee ee: ape) 


QB min 
Regulated Output Voltage +50 V 
Line Regulation (AV;yy = 20 V) 1.5 mV eee - 
Load Regulation (Al; = 50 mA) 1.0 mv (Vin min ~ Vo ~ VD4 max) 


R5 = 
mei IL min 


Fig. 3-53. Floating Positive Regulator 
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+ViIN > 12.5 V 
2 


© TYPICAL PERFORMANCE 


Regulated Output Voltage 12V 
Line Regulation (12.5 V < Vin © 15 V) 3mv 
Load Regulation (Al, = 1 A) 5mvV 


= + n2) 
*V5o= | —J v =12V 
re) R2 REF = 12 


+VIN(1) > 5.5 V 
G 


+VIN(2)} 2 9.5 V 
O TYPICAL PERFORMANCE 


Regulated Output Voltage 5V 
Line Regulation (5.5 V < Vig (1) <10V) tmv 
Load Regulation (Al, = 1 A) amv 


Fig. 3-54. Low Input/Output Differential 





Positive Regulators, Low Input/Output Differential 

Either of the two circuits shown in Figure 3-54 allows an input-to-output voltage difference close to 
the saturation point of the series pass device. As in ail applications, the Vinq(2) of Figure 3-54b 
must be 9.5 V minimum. The 7.5 V Zener diode may be eliminated (see Figure 3-54a) when using 
the dual in-line package by grounding the Vz terminal and reducing the Vag¢e_ to 3 V by a 4.7 
kQ/3.3 kO voltage divider to the non-inverting input of the #A723. 
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cs 


ae) 


VouT 
wAT23 CL 


V- NON cs 
VREF INV INV COMP 


Fig. 3-55. Marginal Input Voltage 





Positive Regulators, Marginal Input Voltage 

The two circuits shown in Figure 3-55 offer some relief from the 9.5 V minimum V+ voltage when 
regulating lower voltages. In those cases where the average voltage applied to the input is greater 
than the required minimum — but the negative ripple peaks are lower — a diode-capacitor peak 
detector provides the solution (Figure 3-54a). Figure 3-55b shows one method of using a voltage 
doubler to assure that, using a minimum of external components, the proper bias voltage is applied 
to the V+ terminal. | 
Negative Regulators, Medium/High Output Current 

This Configuraton (Figure 3-56a) regulates any negative voltage between —9.5 V and —40 V. Since 
the A723 is operated between ground and the regulated output, the maximum unregulated input volt- 
age is determined by the voltage breakdown and power dissipation capabilities of the pnp series pass 
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wn 
s 


device, Q1. Base current Q1 is supplied through resistor R5 such that the minimum input-to-output 
differential is controlled both by the base current required by Q1 and the value of R5. A Darlington 
connection may be used for Q1 to reduce the base current requirement (Figure 3-566) and to increase 
the output current capability. Either the complementary Darlington as shown, or a standard pnp pair 
can be used. 


For output voltages in the range —2 V to —9.5 V, the output voltage alone is insufficient to bias the pAT723 
in Figure 3-56a. This condition is satisified in Figure 3-57 by an external, regulated or unregulated, 
positive voltage applied to the V+ and Vc terminals. The 40°V maximum limit between V+ and V— 
terminals must be observed. Maximum values for —Vijy2) and for the input-to-output differential are 
determined as for Figure 3-56a. In all cases, if the Vz terminal is unavailable, then the Voyt ter- 
minal may be used with a series 6.2 V Zener diode. 


o 





TYPICAL PERFORMANCE 


Regulated Output Voltage -15V 
Line Regulation (AV iy = 3 V) 1 mv 
Load Regulation (41; = 100 mA) 2mvVv 
eT ee re er (eel 
R5 = (Vin min - Vo — VBE 
fectiee hea IL max 


; R1+ R2\ Veer 
So arc ars 


TYPICAL PERFORMANCE 


Regulated Output Voitage -15 V 
Line Regulation (AVjy =10V) 4mv 
Load Regulation (Aly, =50mA) 2mvV 


. (= + ra) VREF 
“V5 s+ 4 -———] —— 
R1 2 


: (Vin Min - Vo — VBE) (Q1B Min) (A268 pin) 


iL max 


TYPICAL PERFORMANCE 


Regulated Output Voltage -6V 
Line Regulation (AVjjjyy = 10 V) 4mv 
Line Regulation (AVin(2) = 10 V) 10 mv 


Q1B min 
RS = (Vin(2)min — Vo — VBE) ( 


li max 


40 V 2 (Vin(1) — Vo) 29.5 V 


(= + m2) VREF 
ry =_ —_—_—_—_— 
o R41 2 


Fig. 3-57. High Output Current Negative Regulator 





Negative Shunt Regulator 


For low to medium output currents, the series pass transistor of the previous circuits can be omitted. 
However, special attention must be paid to the dissipation of D1 and R5, and the internal dissipation of 
the 4A723. Maximum permissible current shunted to ground via the VouT terminal is 150 mA. 


Figure 3-58 as shown is suitable for output voltages in the range —9.5 V to ~40 V. By removing the V+ 
and Vc terminals from ground and supplying them with a low value positive voltage as in Figure 3-57, 
output voltages from —2 V to —9.5 V are obtainable. Total voltage from V— to V+ of 9.5 V minimum and 
40 V maximum must be observed. If the maximum current from the Vout terminal is less than 20 mA 
in a particular application, then D1 may be omitted and the output connected to Vz instead of Voyr. 





TYPICAL PERFORMANCE 


Regulated Output Voltage -15V 
Line Regulation (AVi yy = 3 V) 3 mV 
Load Regulation (Al; =50mA) 5Smv 


R1+R2\ V 
Gees (a7) VREF 


R1 2 


Negative Regulator, High Line Rejection 

In the negative regulators with a series pass device, the only variation seen by the control circuitry 
under varying input conditions is the current variation caused by the fixed resistance across the collector- 
base junction of the series transistor. 


By replacing the resistor with a FET current source in Figure 3-59 the line rejection is greatly improved, 
typically exceeding 100 dB. Output voltage range is —9.5 V to —40 V, extendable down to —2 V by the ad- 
dition of positive supply as in Figure 3-57. R5 and Q2 must be selected to provide sufficient base cur- 
rent for Q1 under worst case conditions. With R5 equal to zero, a good choice for Q2 would be a 2N5484 
since its Insg (zero-gate voltage-drain current) of 1 to 5 mA provides sufficient current for Q1 in most 
applications. 


Negative Regulator, Floating 

When the desired output voltage exceeds the 40 V maximum which may be applied across the device, 
then a Zener diode should be used to limit the voltage, as shown (Figure 3-60). The actual Zener voltage 
selected may be between 9.5 V and 40 V with little change in performance. This circuit is the comple- 
ment of Figure 3-53. R6 must be selected to provide sufficient current to bias D1 and to supply the uA723 
standby current under minimum input voltage condition. Select R6 according to the requirements out- 
lined in Figure 3-56b. 


= a2 
7s Vout 
ve TYPICAL PERFORMANCE 


a7zg3 YZ ot 
* ie cL 
N 


ON cs Regulated Output Voitage -15 V 
—EPE IY In CMe Line Regulation (AVjn =3V) <tmv 
Load Regulation (Al; =50mA) 2mvV 


R1+R2\V 
R1 2 


Fig. 3-59. Negative High Line Rejection Regulator 


fe i | 
) z= TYPICAL PERFORMANCE 
ww, Fra 
: 1 a 
a2 


Regulated Output Voltage -100 Vv 
aN _ Line Regulation (AVin, =3V) 3OmvV 
r Load Regulation (Al, = 1 A) 20 mv 
ae 


ner| fw 
F R1i+R2\ Vrer 





Fig. 3-60. Negative Floating 


Current Regulators 

In Figure 3-67, the regulator forces a voltage to appear across Rp which is equal to the voltage existing 
across R2. The resulting current is summed with the regulator standby current, Isp, and the current 
through R2, to provide a regulated current, |, , into the load, R; . Due to this summation, line regulation 
decreases for output currents below 10 mA. 


The input voltage must be greater than I, RLimax) +9.5 V to ensure sufficient voltage across the 
#A723. In Figure 3-61, the source current is from a positive voltage +Vin- Vin can, of course, 
be grounded while returning R,_ to a negative voltage: Similarly, the output terminal may be 
grounded or taken to a negative voltage, at which time, the V;j terminal provides.a regulated 
current sink of magnitude I ,. In no case may the voltage from V— to V+ exceed 40 V. 


, -( 72 ) REF) tins <( VREF) (,,R2\,, 
Ln \RIR2/\ Rp J SB™R2°\ Rana) Ap SB 








For output currents in excess of 10 mA, this approximates to the following with the values of R1 and 
R2 shown. ' 





R2 VREF i 3000 Yr " 
bn \ATR2/\ Rp J” $8 =\ Rpg) J SB 


TYPICAL PERFORMANCE ~ 


Output Current 3mA 
Line Regulation (AV;y=5V) O.3 mA 
Load Regulation (AR_ = 2002) 0.2mA 


Fig. 3-61. Current Regulator 





ma 


If a voltage compliance greater than 40 V is required, or if the regulation of Figure 3-67 is insufficient, 
the configuration in Figure 3-62 may be used. It is a precision floating current source capabie of 
0.05% regulation. In this circuit, a floating 20 V supply (typically a half-wave rectified output from a 
separate transformer winding of the main supply) is used to power the “A723, such that standby and 
reference currents do not add to the programmed output current. 


1 = (_R2 VREF 
LU \RTR2 Rp 


If P1 is adjusted so that Vaz = 3.0 V, as indicated in the schematic, then 








q 


= 7 FS 


mA. 
Rp(2) 


Both output current and voltage compliance are limited by the capabilities of the series pass device Q1. 


Diodes D2 through D4 are protection diodes which should be included whenever Vij, exceeds 40 V. 


TYPICAL PERFORMANCE 


Output Current 10 mA 
Line Regulation (% of AV;,y) <.01% 
Load Regulation (AVg=10V) <.05% 


Fig. 3-62. Current Regulator 
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TYPICAL PERFORMANCE 


Regulated Output Voltage 0-100 V 
Line Regulation (% of AVi yy) <.01% 
Load Regulation (% of Vo) <.005% 


Fig. 3-63. Precision Voltage Regulator 





Precision Voltage Regulator 

Figure 3-63 uses the same principle as the previous circuit to give a voltage output capable of 0.005% 
load regulation. Output voltage range is from zero volts up to the series pass device limit. Output current 
is also limited only by the series pass device; short circuit protection is available in this configuration by 
selecting Rgc as previously described. Protection diodes D1, D3 and D4 should be added whenever Vy 
exceeds 40 V. With the component values shown, this gives an output voltage range of 0 to 100 V. 


ena VREF 
Vo = — Sve 
R1 2 
Foldback Current Limiting 


Foldback current limiting is a superior alternative to standard current limiting techniques particularly 
where intolerable output device power dissipation is a problem. Typically, this is a consequence of device/ 
heat sink limitations under short circuit conditions. 





in the following discussions, it is assumed that a regulated output voltage is available up to a maximum 
output current Ijq. The output current then folds back with decreasing load resistance to a value of Isc 
(with a short circuit load). The “knee”’ of the current limiting characteristic will be similar to that shown 
in the data sheet for normal current limiting. The regulation degrades considerably as laq is approached 
and in a practical regulator the useful output current may be limited to approximately 80% of Ing. 
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Fig. 3-64b. Foldback Current Limiting Negative Regulator 





A minimum parts/cost method for providing the positive feedback required for foldback action is shown 
in Figures 3-64a and b. This technique introduces positive feedback by increased current flow through 
R1 and R2 under short circuit conditions. This forward biases the sensing-transistor base-emitter junc- 
tion. The final percentage of foldback depends on the relative contributions of the voltage drop across R2 
and Rcc¢ to the base current of the sensing transistor. In the active region where the voltage buildup of 
R2 and Rcc provides base current to the sensing transistor, recovery of the full output capability takes 
place whenever a short circuit is removed from the output. As soon as.there is no voltage buildup across 
Rsc providing a portion of the base current, 100% positive feedback is realized and a reset is required to 
restore normal operation once the short is removed. 
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_ In Figures 3-64a and 6, input to the current limit transistor is (Vasc + Vo). 
VSENSE /R1+R2 VIN (R2 Vo /(R2 

ica = -— and Im=Isc+— { — 

oe Rsc ( R1 ) Rsc Rt wee Rsc \R1 


Design equations to give a desired |,q with approximately zero Ig¢ are shown below. 





R1 (k®) = Vin - Vsense (V). R2 (k®) = Vgense (V) (i.e. R2 = 620 ) 


_Vvo (R2 Vo -VSENSE - 
andRgc=— {—}, or Rsc = ee 
Im \R1 Im \Vin — VSENSE 


f * 


In Figure 3-64b, a Darlington configuration is recommended for the bypass transistors, Q1 and Q2. This 
enables R5 to be a relatively high value, typically > 50 kO which requires 03 to sink a low current under 
short circuit conditions. As R5 is reduced, the current through it increases drastically when —Vo goes to 
zero volts, and Q3 base current increases to a point where the foldback circuit is no longer operative. 
From the start of base-emitter conduction of the sense transistor to the full shut off of the regulator 
series-pass devices requires a 2 4A base current. This represents a 10 mV increase in base-emitter 
voltage over the base-emitter zero-current threshold. 


The latch condition, or 100% positive feedback, is generated by any change in the input voltage which 
increases the voltage drop across R2 past the 10 mV window with a short circuit applied. It can only be 
removed by breaking the positive feedback path by some manual reset to allow the series pass devices to 
once more be driven in a normal fashion. The addition of an external transistor Q1 in Figure 3-64c 
provides the same foldback limiting as Figure 3-64a but allows the extension of the active recovery 
region by several times tha: of the basic approach. 


Latch problems are due to saturation of the current-sensing transistor. Because the additional circuitry 
shown operates as an antisaturation circuit, it bypasses base current above a value set by the voltage 
divider R3, R4 and the base-emitter threshold of Q1. This additional transistor acts as a Vg voltage 
regulator and, assuming a good thermal link, temperature tracks the threshold changes of the current 
sensing transistor, tending to keep the foldback current drive at a constant level. 


Foldback resistors R1 and R2 are calculated using the above equations. The 2N3641 used for Q1 was 
selected for both high base-emitter diode conductivity and reasonable beta at 2 A collector current. 
Final adjustment under short circuit conditions occurs when R4 in Figure 3-64c is set just above the point 
of minimum output current under short circuit load and high ac line operation. 


Another approach to low power dissipation under short circuit condition is shown in Figure 3-64d. This 
circuit does not follow the decreasing current, decreasing voltage load line which occurs with the 
standard foldback technique. Instead, under a short circuit, the output voltage decreases in a normal 
current limiting fashion, i.e., at a constant high output current until the output voltage is below that 
necessary to keep the FET pinched off. As soon as the output voltage reaches the pinch-off voltage, a low 
impedance path is established around the drivers and the output device, which turns off the compound 
followers. A voltage across the normal load resistor exceeding the pinch-off voltage of the FET whenever 
the short is removed provides recovery. Bypass resistor R1 supplies this voltage. The FET should be 
selected with a maximum pinch-off voltage approximately two-thirds the value of Vo. Its minimum 
pinch-off voltage should not be so low as to demand excessive safe area requirements in the 4A723 
output stage. 
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ANT!I-LATCH 
CIRCUIT 


HA723 OUTPUT STAGE 
Comp 


Fig. 3-64c. Foldback Current Limiting (Modified) 
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NON cs 
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Asc"=—im 


ViN min - V ff 
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Fig. 3-64d. Foldback Current Limiting (FET) 


Low Loss Short Circuit Sensing 
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Short Circuit Sensing, Temperature Stabilized 

This circuit modification takes advantage of the internal temperature tracking which occurs in an inte- 
grated circuit. Since the current limit transistor and the internal series pass devices are at the same 
temperature and were fabricated at the same time, their base-emitter temperature coefficients are 
approximately the same. In Figure 3-65 the current limit transistor is connected so that the tempera- 
ture coefficients cancel. This is accomplished with a bridge circuit via resistors R4 and R5 which reduces 
the voltage drop (and therefore the temperature coefficient) to a 1 diode drop level. This voltage, 
appearing across R4, is balanced by an equal and opposite voltage developed across R3 by a FET current 
source. The current limit transistor is connected across these two voltages, plus the voltage across Rsc 
due to the output current. At room temperature, the current source is adjusted by P2 such that there is 
zero voltage between points A and B. Therefore, at room temperature, the current limit transistor is acti- 
vated when the 4A723 sense voltage is developed across Rsc, the voltages across R3 and R4 cancelling 
each other. P | 

The threshold of the current limit transistor tends to track the voltage across R4 with temperature. There- 
fore, providing the current source remains constant with temperature, current limit set by Roc also 
remains constant with temperature. Figure 3-66 is shown for an output vohage of 15 V from a 25 V 
unregulated input. A higher breakdown FET is required for use with higher input voltages. 


Remote Shutdown 

A »A723 regulator may be turned off by pulling down the compensation terminal, thereby shunting 
the drive current for the output stage to ground. The simplest method of achieving this in a positive 
regulator is shown in Figure 3-67a. When the current limiting function is required, an external 
transistor may be substituted (Q1 in Figure 3-67b). The logic input may be from any positive volt- 
age source, e.g., TTL or CMOS, capable of driving greater than 100 uA into the CL terminal or Q1 
base. Typically, R3 may be 3 kO from a 5 V TTL systems, or 10 kQ from a 10 V CMOS system. To 
protect the output stage from excessive reverse base-emitter voltage transients during the shut- 
down, D1 should be included when the output voltage Vo is greater than 10 V. R4 reduces the peak 
current that flows when Q1 saturates. 


Fig. 3-66. Temperature Stabilized Short Circuit Sensing 
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Remote shutdown, when applied to a negative regulator, requires the additional circuitry to the right 
of the dashed line in Figure 3-67c. In operation, a logic LOW input, Vi, (max). holds Q3 off, disabling 
the shutdown circuit. A logic HIGH input, Vipyminy from a TTL or CMOS gate turns Q3 on with the base 
drive limited by R8. Resistor R5 is calculated in the normal worst case manner for the series pass devices 


selected. 
_(Vintmin) —Yo—2 VBE*) 


- Q21B (max) 


*(This term becomes 3 Vpg if D2 is included.) 


Pay 


When O3 is turned on, D1 is forward biased at a current limited by R7. The ratio of R5 and R7 is calculated 
such that the output of the supply is always at ground when the logic input is HIGH. 


R7_ VIHimin) 
R5 VIN(max) | 
This formula guarantees that the junction of R5 and R7 is always positive during shutdown — 
R8 = 10 R7, to give a forced B of 10 for Q3, fully saturating that device. Diode D2 protects the output 
devices from reverse base-emitter transient voltages, and should be included when the output voltage is 
greater than the combined base-emitter breakdown voltages of the series pass devices. 


LOGIC 
INPUT 


VIH (MIN) 


Vv 
cL 

VIL(MAX) 
VREF INV INV COMP 


CIRCUIT 


Fig. 3-67. Remote Shutdown 
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Overvoltage Crowbar Protection | 
Figure 3-38 shows a »A723 used as a latched comparator and SCR driver. It also provides the tempera- 

ture compensated reference necessary for accurate overvoltage sensing. In normal operation, P1 is 

adjusted so that the voltage at point A is more negative than the reference voltage, VR_EF (typically 7.15 

V). Therefore, the voltage across R2 will bias the comparator (the 4A723 error amplifier) such that its 

output, Vout is driven toward V—, and the internal 6.2 V Zener diode is cut off. Hence no gate current is 

able to flow into the SCR D2, which remains in an OFF state. Diode D1 blocks the positive feedback path in 

this condition, therefore, no current flows through R4. 
By “crowbar” action, the comparator changes state as soon as the voltage across R2 reverses polarity, 

that is, as soon as the voltage at point A becomes more positive than Var. Potentiometer P1 is set so 

that this occurs at the desired over-voltage trip point, typically (Vo + 10%). When the comparator 

switches, Voy is pulled up toward V+, and the SCR is fired with gate current limited by R5. When Voyt 

exceeds Vref, the positive feedback loop R4/D1 latches the comparator into its switched state. 


Firing the SCR places a low impedance across the unregulated supply to ground, and this blows fuse F1. 
From the initial overvoitage to the SCR clamping takes approximately 1 us; if required the switching 
action can be slowed down by a capacitor from the 4A723 COMP terminal to the inverting input. 


s 


D2 


‘Fig. 3-68. Crowbar Protection 
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Over/Under Voltage Monitoring 

There are many systems where it is important that, when the regulated supply lines deviate from their 
nominal values, an alarm is indicated and some action, such as system shutdown or system changeover, 
is initiated. Such a fault detection system requires overvoltage and undervoltage monitors for both 
positive and negative power supplies. The “A723 may be used very effectively in this application and 
provides a TTL-compatible output signal. __ 


Figure 3-69 gives an indication of an undervoltage on a positive supply line. The internal reference 
voltage of the 1A723, Vref. is used to generate a threshold voltage of 2.0 V across R4. The voltage to be 
monitored, Vjy, is divided down by Ry and R1. The voltage across R1 is compared to the threshold 
voltage across R4 by the 1A723 error amplifier. When Vg is at its nominal value, the output of the A723 
is in its HIGH state, which is set-at approximately 3.3 V by clamping the COMP terminal to the junction of 
R2 and R3 on the Vregvoltage divider. Current drain from Voy through R6 is nominally 15 mA. 


If the monitored supply, Vay, should fall by a predetermined amount, the error amplifier changes state, 

and the output voltage Vg assumes its LOW state. R6 can drive one TTL load (1.6 mA at 0.4 Vmax Vo): 
Positive switching action is assured by the hysteresis applied through RS. Rag is adjusted so that the volt- 

age across R1 equals the threshold voltage (2.0 V) when Vu is at the desired undervoltage trip level. 

This circuit gives an overvoltage indication on a positive supply line when the amplifier inputs are inter- 
changed as shown by the dashed lines. 


9.5 < Vin <40V 
) 


TRANSPOSE INPUTS 
FOR OVER-VOLTAGE 
MONITOR 





Fig. 3-69. Positive Supply Undervoitage Monitor 


Figure 3-70 performs the same functions for a negative supply line. The monitored supply voltage, —V jy, 
is referenced to Vper in this circuit, to provide the level shifting from any negative input to the +2.0 V 
threshold voltage. Response times for these monitor circuits are typically less than 1 us. 


The voltage necessary to turn on the current-limiting transistor is the sum of VSENSE (the Vge of the 
current-limiting transistor) and the voltage across R9. Then as shown in the formula below, 


« 


RQ VSENSE (Vin — Vo) RI 
V = — — = OOO _ SEEEEEEEEEEeenerenaeed 
Rsc = Vsense + (Vin — Vo) (ra 5) and {LIMIT Rec ) * Rec (as 3) 


- 


R8 and R9 are includéd to supply positive feedback and, hence, maintain switching action even under short 
circuit conditions. This prevents over-dissipation if the regulator were allowed to go into a linear mode. 
Typically, R8 may be 3 kQ and R9 30N so that to a first approximation, current limit is derived as follows: 


_ {Vsense\ , ‘Vin-Vo) 
ILiMIT™ (—3-——] *Jo0R0. 
Rsc 100 Rsc 


9.6 <+Vin < 40V 


TRANSPOSE INPUTS 
FOR OVER-VOLTAGE 
MONITOR 


Fig. 3-70. Negative Supply Undervolitage Monitor 





Fig. 3-72. Step-Up Voltage Regulator 





USING THE »A78S40 UNIVERSAL SWITCHING REGULATOR 

Typical applications of the universal regulator include the three switching regulator modes previ- 
ously discussed; step-down, step-up, and inverting. Figure 3-77 illustrates the necessary connec- 
tions for using the 4A78S40 in the step-down mode. This version satisfies a requirement for a 5 V 
output at 500 mA with output ripple less than 25 mV. In this application, the power switch (Q1 and 
Q2) is connected between the +25 V supply and the inductor. Switch voltage is determined by the 
emitter output limit of 1.6 V. For this value, off-time is approximately three times the on-time. Con- 
sidering that the on-time should be greater than 10 us, off-time is set by the user at 60 us (C7 = 
).02 uF), and the inductor value is selected at 330 uH. The output voltage is set by resistors R1 and 
32. Output capacitance is calculated to be 400 uF. The circuit standby power is less than 50 mW. 
Efficiency at full load is 79%; at 10% of full load it is 70%. 


“or operation as a step-up voltage regulator, the 4A78S40 is connected as shown in Figure 3-72. In 
this case, the objective is to use a 5 V input and get a 15 V output at 150 mA, again with output 
‘ipple less than 25 mV. Using Vg = 0.5 V and Vp = 1 V, on-time is approximately 2 1/2 times the 
off-time. Timing capacitance is selected at 0.01 uF, setting the off-time at 30 us. On-time is con- 
sequently approximately 73 us. An 80 2 resistor on the drive collector provides a 50 mA base drive 
‘© the switch. With a peak input current of 1.1 A, Roc is selected at 0.3 9. At full ioad with an 
average input current of 555 mA, efficiency is 80%. At 10% of full load, regulator efficiency is 78%. 
Jutput capacitance is calculated to be 492 pF. 
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Fig. 3-73. inverting Voltage Regulator 


A voltage inverter configuration is shown in Figure 3-73. This mode requires an external pnp tra nsistor 
(Q3) anda catch diode (D2). With a +12 V input, output voltage is — 15 V at 200 mA, with output ripple less 
than 50 mV. With a timing capacitor value of 0.01 yF, off-time is 30 uF. Peak current can be calculated 
(0.96 A) as can the value of the inductor (500 #H). Average input current for this inverter mode is 2.75 mA 
with a regulator efficiency of 93% at full load and 90 % at 10% load. Output ripple is held to 50 mV by using - 
_an output capacitor with a value of 251 pF. Inthis inverter mode, the internal operational amplifier inverts 
the output voltage to compare it to the 1.3 V reference. This is only possible because the common mode 
range of the op amp includes ground. Circuit breakdown does not limit output voltage, because no 
portion of the control circuitry sees any negative voltage. 


More Sophisticated Applications |. 

With the addition of a few external parts, the ~«A78S40 can provide output power up to 100 W and 
output voltages up to and even exceeding 100 V. Two regulated outputs can be made available by 
using a switching output and a series-pass output. 7 


One such interesting variation is the use of the universal regulator to provide a constant output for 
voltage inputs that are both higher and lower than the output, Figure 3-74. In this case, 12 V at 100 . 
_ mA is provided at the output for input voltages over a 4 V to 24 V range. This is done by using a 

step-up mode similar to the version shown in Figure 3-72 to provide a 15 V output and then using 
the internal op amp as a series-pass regulator to reduce the 15 V output to a 12 V output. When the 
input voltage exceeds 16 V, the step-up regulator circuit follows the input at approximately the 
input voltage minus 1 V, but the series-pass output remains constant at 12 V. The op amp exhibits 
excellent noise rejection, so output ripple is virtually non-existent at the 12 V output. Regulator effi- 
ciency is about 50% for the upper and lower limits of the input range (4 V and 24 V) and increases 
to a maximum of about 75% for intermediate voltages. 


Another variation involves the addition of an external pnp transistor and an external catch diode to 

the step-down regulator, Figure 3-75. The transistor (03) increases output current capability by a 
factor of 10 and also improves switching efficiency because the switching voltage drops from 1.6 V 
to 1 V. The npn Darlington pair switch is connected to provide the base drive for Q3, with a 56 2 
resistor limiting the base drive to 500 mA. A peak input current of 10 A (plus the 0.5 A base drive) 
with an input voltage of 30 V provides a 5 V, 5 A output. The average input current is 1.1 A. Effi- 
ciency of the regulator is approximately 73%, with the control circuit dissipating the base drive 
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3-75. Modified Step-Down Regulator with 5 A, 5 V Output 


ns 








Fig. 3-77. Switching Regulator with 25 V Input, —100 V Output 
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Fig. 3-78. Dual Tracking Supply 


power (0.5 A x 30 V). In this case the off-time/on-time ratio is about 4:1, with the off-time at 150 us 
and on-time at 38 us. Output capacitance of 2500 uF keeps output ripple to 100 mV. The external 
diode (D2) is required to handle the 10 A switching current. 

The addition of a boost transistor and a flyback diode to the step-up regulator configuration de- 
velops a regulated 70 V, 1 A output, Figure 3-76. The Darlington pair switch emitter output provides 
base drive to the external npn transistor Q3. Output voltage is limited by this. transistor and diode 
breakdown voltages, not by the IC. The base drive to Q3 is limited to 0.5 A by a 27 O series resistor 
on the switch collector. For this situation (15 V in — 70 V, 1 A out) the on/off ratio is 4:1 with on- 
time at 120 us and off-time at 30 us (C7 = 0.01 uF). Average input current is 5.4 A, (1/2 the peak 
current plus the 0.5 A base drive). Regulator efficiency is 84%, and output ripple is limited to 100 
mV by a 1200 uF output capacitor. 


A voltage inverting regulator with an external pnp switch (Q3) and an external diode (D2) can gen- 
erate almost any negative voltage, because the external transistor and diode limit the output volt- 


. age, Figure 3-77. This particular version provides —100 V at 1 A from a +25 V input. The peak 
- current is 10.5 A, average current is 4.44 A, and the regulator efficiency is 83%. The on-time to 


*" 


off-time ratio is a little more than 4:1, resulting in an off-time of 30 us and an on-time of 126 ys. A 
1000 «F output capacitor limits output ripple to 120 mV. 


Figure 3-78 illustrates a dual-tracking regulator that provides both +15 V and —15 V outputs from a 
single +20 V input. The negative output voltage is generated with an inverter circuit similar to the 
circuit of Figure 5, but the op amp is connected in a gain-of-1 configuration with its output divided 
down and compared to the 1.3 V reference voltage. As shown, this regulator provides +15 V at 100 
mA with 80% efficiency — 75% positive voltage, 85% negative voltage — with output ripple limited 
to 30 mV. 

A high-output regulator with two outputs is illustrated in Figure 3-79. From a single 5 V input volt- 
age, a 12 V and a 15 V output are provided. Two external npn transistors are used; Q3 boosts the 
step-up function, and Q4 increases the series-pass output to 1 A. A total of 1.5 A is available from 
the two outputs, with 80% efficiency on the 15 V output and 64% efficiency on the 12 V output. 


The final switching regulator variation shown is a negative input/output regulator, Figure 3-80. This 
presents a slightly more difficult challenge, since the reference voltage is referred to a negative 
input rather than ground. A ground reference of —2.6 V can be generated by using the op amp as a 
differential amplifier. Then, using a typical step-down regulator configuration, a —48 V input pro- 
duces a —12 V output at 300 mA with a regulator efficiency of 85%. 
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Fig. 3-80. Negative Input/Output Regulator 
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78840 Design Formulae 
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INVERTING 


IVout! + Vp 
Vin - Vs 


IVoutl+ Vo 


lok 


lott 


45 X 10 > toss(es) 


2 
(lok ~ lout)” * tog 


2 lok * Vrippie 


(lp — lout)? 


Vin — Vs Vout | 
VIN |Voutl + Vp 
Ipk \Vout! + Vp 
2 Vin +|VoyT!+Vp-Vs 


lott 


Co 





RESISTOR SELECTION GUIDE 


The following table is a quick reference guide for the selection of resistance values for given output voltages. 
The applicable circuits that can be used with the table are indicated (see Note 1). 


FIXED OUTPUT 
OUTPUT APPLICABLE OUTPUT ADJUSTABLE 
VOLTAGE CIRCUITS +5% ~. +10% 





FIXED OUTPUT : 
OUTPUT APPLICABLE OUTPUT ADJUSTABLE 
: VOLTAGE _ CIRCUITS +5% +10% 





_ NOTES: ’ 
. 1. Circuits in parenthesis may be used if R1/R2 divider is placed on opposite side of error amplifier. 
2. V* must be conncted to a +2.5 V or greater supply. : See 


: ” 


; ‘ : “ ‘ ~- > 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED OUTPUT REGULATOR 


Q) To specify an output voltage, substitute voltage value for 
XX", 


@ Although no output capacitor is needed for stability, it 


does improve transient response. 
Required if regulator is located an appreciable distance 
from power supply filter. 


HIGH OUTPUT CURRENT, 
SHORT CIRCUIT PROTECTED 


ae BY BE (a2) 
TR(MAX) (8+1)— 'OUTIMAX) 


”_£9 


FIXED POSITIVE 3-TERMINAL REGULATORS — ,,A78L00 SERIES 


HIGH CURRENT VOLTAGE REGULATOR 


For IREG * 23 mA 


0.7 
'REG sage toi = BIREG 


+TRACKING VOLTAGE REGULATOR 


wATBLXX 





TYPICAL VOLTAGE REGULATOR APPLIGATIONS 


FIXED POSITIVE 3-TERMINAL REGULATORS — HAT8L00 SERIES 


POSITIVE AND NEGATIVE REGULATOR 


BATBLXX 


HIGH DISSIPATION APPLICATIONS 


When it is necessary to operate a #A78L00 regulator with a large 
input-output differential voitage, the addition of series resistor R1 
will extend the output current range of the device by sharing the 
total power dissipation between R1 and the regulator. 


R1 may be calculated from 


ay « ViNiminy~ Your ~ 2.0V- 


IL(MAX) + !a 


where 1 is the regulator quiescent current. 


Regulator power dissipation at maximum input voltage and 


maximum load current is now 


PD(MAX) = (V1 — Vout) IL(MAXx) + V1 Iq 
where 
~V1= Vin (MAX) — (IL(MAX) + ta) R1 


The presence of. R1_ will affect load regulation according to the 
equation: 


load regulation (at constant Vi N) = load regulation (at constant V4) 


+ (line regulation, mV per V) x. 
(R1).x (Atp). 


Cs 


As an example, consider a 15 V regulator with a supply voltage of 
30 +5 V, required to supply a maximum load current.of 30 mA. ig 
is 4.3 mA, and minimum Joad current is to be 10 mA. . 


' 28-15-2 8 St 
R1 = ————_—- = —— = 240n 
30+ 4.3 34.3 


V4 = 35 — (30 + 4.3).24 = 35 —8.2=268V 
PDiMAX)= (26.8 — 15) 30 + 26.8 (4.3) 
= 3544115 


470 mW, which. will permit. operation up to 
70°C in most applications, 


‘Like: féguiaion of this circuit is typically 110 mV for an input range 
of 25-35 V at a constant load current, i.e. 11 mV/V. . 


. constant Vz load regulation (typically 10 mV, 
10-30 mA I) 


(11. mV/V) x 0. 24 x 20 mA (typically 53 mv) 


63. mV fora load current sls of 20 mA ata 
constant Viq of 30 V. 


Load regulation 





TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED POSITIVE 3-TERMINAL REGULATORS — pA78C00 SERIES 


In many »A78C00 applications, compensation capacitors may not be required. However, for stable 
operation of the regulator over all input voltage and output current ranges, bypassing of the input and 
output (0.33 uF and 0.1 uF, respectively) is recommended. Input bypassing is necessary if the regulator is _ 
located far from the filter capacitor of the power supply. Bypassing the output will improve the transient | 


response of the regulator. 


FIXED OUTPUT REGULATOR 


_ HIGH OUTPUT CURRENT, 
SHORT CIRCUIT PROTECTED 


1 O.33pF 


BVBE(O1) 
IREQ(MAX) (8 + 1) —IgyuT (MAX) 


Vpelat) 
- Aso=—— 
lout 


+TRACKING VOLTAGE REGULATOR 


HIGH CURRENT VOLTAGE REGULATOR 


Qi 


OovutTeuT |: 


—_ 
Jou MAX} 


_Vee(t) _ 6VpE{Q1) 
1 : 
REG = IREQIMAX) (8 + 1) — qu (MAX) 
louT 


Bo. > 
a tREG 


NEGATIVE OUTPUT VOLTAGE CIRCUIT 





TYPICAL VOLTAGE REGULATOR APPLICATIONS 
FIXED POSITIVE 3-TERMINAL REGULATORS — »A78M00 SERIES 


FIXED OUTPUT REGULATOR NEGATIVE OUTPUT VOLTAGE CIRCUIT 


—OUTPUT 
O 


NOTES: « 
To specify an output voltage, substitue voltage value for 
"KX". 
@) Although no output capacitor is needed for stability, it 
does improve transient response. 
Required if regulator is located an appreciable distance 
from power supply filter. 


HIGH OUTPUT CURRENT, HIGH CURRENT VOLTAGE REGULATOR 
SHORT CIRCUIT PROTECTED 


O OUTPUT 
——Fr 
Tout MAX 


t 


— 
= 


6VgeE(Q1) Vee(a) 8Vege(O1) 
Re = R1 = a 
IREQIMAX) (6 + 1) — Igy T (MAX) REG = IREQIMAX) (8 + 1) — Igy (MAX) 


Vpeelat) 
Rsc = 
lout 


VARIABLE OUTPUT VOLTAGE, 0.5 TO 10 V 


13V < Vin < 26V 


-7V<-Viqgs-17¥ 
. 








TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED POSITIVE 3-TERMINAL REGULATORS — A78M00 SERIES 


POSITIVE AND NEGATIVE REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 


CURRENT REGULATOR 


Vv 
Output Current = ———~ 


ADJUSTABLE OUTPUT REGULATOR, 7 V TO 30 V 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED POSITIVE 3-TERMINAL REGULATORS — ,,A7800 SERIES 





FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 


NOTES: * 
@ To specify an output voltage, substitute voltage for 
XX", R 
@ Although no output capacitor is needed for stability, it Vout = Vxx (1 + = ) + IQR2 
does improve transient response. ‘ 
Required if reguiator is located an appreciable distance 
from power supply filter. 


CURRENT REGULATOR | ADJUSTABLE OUTPUT REGULATOR, 
7 TO 30 VOLTS 


Vv 
Output Current = ot 
1 


0.5 TO 10 V REGULATOR HIGH CURRENT VOLTAGE REGULATOR 


3.0) 


' 
OUT(MAX 
p(Q1) > ——r_) 
-7 VK -Mig <-17V REG (MAX) 


Pe etc dee B21) Vee(at) 


tReEG ‘'REG(MAX) (6+1) — |OUT(MAX) 


TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED POSITIVE 3-TERMINAL REGULATORS — ,A7800 SERIES 





HIGH OUTPUT CURRENT, +TRACKING VOLTAGE REGULATOR 
SHORT CIRCUIT PROTECTED 


0.8 
hsc.* 
Isc 

BV Be (01) 


'REG(MAX) (8+1) — 'OUT(MAX) 


POSITIVE AND NEGATIVE REGULATOR 


SWITCHING REGULATOR DUAL SUPPLY 
OPERATIONAL AMPLIFIER SUPPLY (+15 V @ 1.0 A) 


2N3789 


TmH 
1N5812 JN 
470s! = 
| por LL 
ar 





4 
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HIGH INPUT VOLTAGE CIRCUITS 


TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED POSITIVE 3-TERMINAL REGULATORS — A109 SERIES 


ADJUSTABLE OUTPUT REGULATOR CURRENT REGULATOR 


NOTE: Determines output current. 


TRACKING VOLTAGE REGULATOR 


2N6124 


FIXED 5 V REGULATOR POSITIVE AND NEGATIVE REGULATOR 


+ OUTPUT 
0 


—OUTPUT 
NOTES: 
Required if regulator is located an appreciable distance 
from power supply filter. 
tAithough no output capacitor is needed for stability, it 
does improve transient response. 





TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED POSITIVE 3-TERMINAL REGULATORS — 78H05 SERIES 





5 AMP REGULATOR 10+ AMP REGULATOR 


23789 OR Equiv. 


NOTES: . 

a. No current limit in effect 

b. At 10 A out 78HOS passes 4.0 A 

c. For 10A output change, Voy changes approx. 80 mV 


INCREASED OUTPUT VOLTAGE SIGNAL DRIVER/MODULATOR 


0.1 yF 
Vin = 12V OUTPUT 
1 


e 
SIGNAL 
INPUT 


ttRequired if regulator is located an appreciable distance from power supply filter. 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 
FIXED NEGATIVE 3-TERMINAL REGULATORS — »A79MO00 SERIES 


' Bypass capacitors are recommended for stable operation of the 79M00 series of regulators over the 
input voltage and output current ranges. Output mypee capacitors willi improve the transient response 


of the regulator. 


The bypass capacitors, (2 4F on the input, 1 »F on the output) should be ceramic or solid tantalum which | 
have good high frequency characteristics. If aluminum electrolytics are used, their values should be 10 | 
pF or larger. The bypass capacitors should be mounted with.the shortest leads, and if posetnle; directly 


across the regulator terminals. 


FIXED OUTPUT REGULATOR 


BASIC CURRENT REGULATOR 


- 5 
OUTPUT CURRENT = 


HIGH OUTPUT CURRENT, | 
SHORT CIRCUIT PROTECTED . 


sVgetat) 
a= $$ 


'REQIMAX) (6 + 1) — Igy T{MAX) 


. “BE(Q2) 
U 


NEGATIVE OUTPUT VOLTAGE CIRCUIT 


tai = AQMIREG 
3 _ VBe(Qi) BV E(Q1) 
——— , 
Gee IREQ(MAX) (8 + 1) ~ IouT(MAX) 


HIGH OUTPUT CURRENT, 
FOLDBACK CURRENT LIMITED 


IREQIMAX) (6 + 1)—IquT(MAX) 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED NEGATIVE 3-TERMINAL REGULATORS — A79MO00 SERIES 


VARIABLE OUTPUT VOLTAGE REGULATOR | VARIABLE OUTPUT VOLTAGE, -—0.5 V TO —10V | 


VARIABLE OUTPUT VOLTAGE, -30 V TO -7 V POSITIVE AND NEGATIVE 
TRACKING VOLTAGE REGULATOR 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED NEGATIVE 3-TERMINAL REGULATORS — .A7900 SERIES 


Bypass capacitors are recommended for stable operation of the 4A7900 series of regulators over the 
input voltage and output current ranges. Output bypass capacitors will improve the transient response 
of the regulator. 

The bypass capacitors, (2 uF on the input, 1 uF on the output) should be ceramic or solid tantalum which 
have good high frequency characteristics. If aluminum electrolytics are used, their values should be 10 
#F or larger. The bypass capacitors should be mounted with the shortest leads, and if possible, directly 
across the regulator terminals. 


FIXED GQUTPUT REGULATOR | NEGATIVE OUTPUT VOLTAGE CIRCUIT 


BASIC CURRENT REGULATOR HIGH CURRENT VOLTAGE REGULATOR 


: VBE(Q1) 


191 =HMAMipgG 
REG 


Rt 


HIGH OUTPUT CURRENT, HIGH OUTPUT CURRENT, 
SHORT CIRCUIT PROTECTED FOLDBACK CURRENT LIMITED 


VBE(Q2) 
Cc 
Isc 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


FIXED NEGATIVE 3-TERMINAL REGULATORS — .A7900 SERIES 


VARIABLE OUTPUT VOLTAGE REGULATOR VARIABLE OUTPUT VOLTAGE, -—0.5 V TO -10 V 


R2 
| Vour| = Vxx (1 +55) + IQR2 


VARIABLE OUTPUT VOLTAGE, —30 V TO -7 V 


BAT’ 


OPERATIONAL AMPLIFIER SUPPLY (+15 V @ 1.0 A) 


O 
1N4001 OR 


1N4001 OR 
EQUIVALENT 


-16 
OUTPUT 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


ADJUSTABLE POSITIVE 4-TERMINAL REGULATORS — A78G SERIES 
In many 2A78G applications, compensation capacitors may be be required. However, for stable opera- 
tion of the regulator over all input voltage and output current ranges, bypassing of the input and output 
(0.33 4F and 0.1 uF, respectively) is recommended. input bypassing is necessary if the regulator is 


located far from the filter capacitor of the power supply. Bypassing the output will improve the transient 
response of the regulator. | 


Pay 





BASIC POSITIVE REGULATOR POSITIVE 5 TO 30 V POSITIVE 5 TO 30 V 
ADJUSTABLE REGULATOR ADJUSTABLE REGULATOR 
lout > 5.0A 


1>40A—m> 


NOTE: External series pass device is 
not short circuit protected. 


POSITIVE HIGH CURRENT | +10 V, 500 mA MOTOR SPEED CONTROL 


SHORT CIRCUIT DUAL TRACKING REGULATOR 


PROTECTED REGULATOR 





. Use flyback diode across 
If load is not ground referenced, connect reverse motor if necessary. 
biased diodes from outputs to ground. 





POSITIVE HIGH CURRENT PROGRAMMABLE SUPPLY OUTPUT WAVEFORM 


SHORT CIRCUIT 


PROTECTED REGULATOR 


FT3065 OR 
EQUIVALENT) 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


ADJUSTABLE POSITIVE 4-TERMINAL REGULATORS — A78MG SERIES 
In many 4A78MG applications, compensation capacitors may not be required, However, for stable 
operation of the regulator over all input voltage and output current ranges, bypassing of the input and . 
output (0.33 uF and 0.1 uF, respectively) is recommended. Input bypassing is necessary if the regulator is 
located far from the filter capacitor of the power supply. Bypassing the output will improve the transient 
response of the regulator. . 


ws 


BASIC POSITIVE REGULATOR POSITIVE 5 TO 30 V POSITIVE 5 TO 30 V 
ADJUSTABLE REGULATOR ADJUSTABLE REGULATOR 
lout > 1.5A 


at i>1sSA—m 


Sis BVBEIO1) 
tRRIMAX) (8)— 'OUTIMAX) 


NOTE: External series pass device is 
not short circuit protected. 


PROGRAMMABLE SUPPLY 


OUTPUT WAVEFORM 


2) V nanan eterna j 
/ 
/ 
/ 
s : 
Pe , 
5v 


QQ 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 
ADJUSTABLE POSITIVE 4-TERMINAL REGULATORS — .A78MG SERIES 


POSITIVE HIGH CURRENT VOLTAGE REGULATOR 


EXTERNAL SERIES PASS (a) SHORT CIRCUIT LIMIT (b) 


CONTROL 
COMMON 


POSITIVE HIGH CURRENT +10 V,1.0A MOTOR SPEED CONTROL 
SHORT CIRCUIT DUAL TRACKING REGULATOR 
PROTECTED REGULATOR 


out 
IN 78MG 
CONTROL 


+ 
} 
133 w COMMON 
© Vout 
IOUTIMAX} 
Oo ‘ 
CONTROL 
O1uF 
COMMON 7 


Use flyback diode across 
motor if necessary. 


8VBEIQ)) : 
———$—S——S——S———— if load is not ground referenced, connect reverse 
VRIMAX) (6+1)—- |OUTIMAX) biased diodes from outputs to ground. 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 
ADJUSTABLE POSITIVE REGULATORS — A105 SERIES 


10 A REGULATOR 1.0 A REGULATOR WITH PROTECTIVE DIODES 
WITH FOLDBACK CURRENT LIMITING 


Vout 26V 
O 


t Solid tantalum * Protects agairist input voltage t Protects against shorted input or 
* Electrolytic reversal inductive toads on unregulated 
+t Protects against output supply 
voltage reversal 


BASIC POSITIVE REGULATOR WITH CURRENT LIMITING 


Ov 
REGULATED out 
QUTPUT 
CURRENT ® COMPENSATION 
CIMIT e SHUTDOWN 


LINEAR REGULATOR WITH FOLDBACK CURRENT LIMITING 


Vout: 15¥ 
200 mA 


SHUNT REGULATOR 


Dy 1N3821 3.3 
Q 


J 
2N6124 


Vin <-15% 
Vin 85V : 
t Solid tantalum 
tt 125 turns #22 on Arnoid Engineering 


A262123-2 malybdenum permalloy core. 
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__ TYPICAL VOLTAGE REGULATOR APPLICATIONS 
ADJUSTABLE NEGATIVE 4-TERMINAL REGULATORS 2 pA79G SERIES 


All 2A78G applications apply to the ~A79G under the following conditions; R2 values are 2.2 kf, all 
external transistors and diodes reverse polarity. te, za 





-30VTO-22V0 BASIC NEGATIVE HIGH CURRENT 
‘ADJUSTABLE REGULATOR NEGATIVE REGULATOR, SHORT CIRCUIT 
i | PROTECTED REGULATOR 


Vgc [Ql 
= _BE 
(rec “se 

‘se 


Se R1+R2 . 
Vout = —Ycont (==?) 


ADJUSTABLE DUAL TRACKING REGULATOR NEGATIVE HIGH CURRRENT 
| VOLTAGE REGULATOR 
EXTERNAL SERIES PASS 


*Rx * PARALLEL COMBINATION OF 
(Ail + P1} AND (R2 + P2). 


NOTE: 
Bypass capacitors are recommended for stable operation of the zA79G series of regulators over the input voltage — 
and output current ranges. Output bypass capacitors will improve the transient response of the regulator. 


- The bypass capacitors, (2 «uF on the input, 1 uF on the output) should be ceramic or solid tantalum which have 
good high frequency characteristics. If aluminum electrolytics are used, their values should be 10 uF or larger. The 
bypass capacitors should be mounted with the shortest leads, and if possible, directly across the regulator ter- 
minals. 


TYPICAL VOLTAGE REGULATOR APPLICATIONS 
_ ADJUSTABLE NEGATIVE 4-TERMINAL REGULATORS — ,A79MG SERIES 


Bypass capacitors are recommended for stable operation of the »A79MG over the input voltage and 
output current ranges. Output bypass capacitors will improve the transient response of the regulator. 
The bypass capacitors, (2 uF on the input, 1 uF on the output) should be ceramic or solid tantalum which | 
have good high frequency characteristics. If aluriinum electrolytics are used, their values should be 10. 

uF or larger. The bypass capacitors should be mounted with the shortest leads, and if possible, 
directly across the regulator terminals. © fh 3. Wea f | . 


NEGATIVE HIGH CURRENT SHORT CIRCUIT BASIC NEGATIVE REGULATOR 
PROTECTED REGULATOR | . 


a. BVBE(Q1) 
IR (MAX) is)— 'OUTIMAX) 


. “30VTO -2.2V NEGATIVE HIGH CURRENT VOLTAGE REGULATOR 
ADJUSTABLE REGULATOR EXTERNAL SERIES PASS 





TYPICAL VOLTAGE REGULATOR APPLICATIONS 


ADJUSTABLE NEGATIVE REGULATORS — A104 SERIES 


HIGH CURRENT REGULATOR 


OVin -12¥ 


tSolid Tantalum 


OPERATING WITH SEPARATE BIAS SUPPLY 


tSolid Tantalum 


SWITCHING REGULATOR 


tSolid Tantalum 

*60 Turns #20 
on Arnold 
Engineering 
A930157-2 
Molybdenum 
Permalioy Core. 


BASIC REGULATOR CIRCUIT 


tSolid Tantalum 


+Trim Ry for exact 
scale factor 


A 0.01 »F capacitor may be required across the input if long leads are used from the unregulated power 
source. Line transient response, noise and ripple rejection can be improved by shunting R2 with a 10 uF 


capacitor C2. 





TYPICAL VOLTAGE REGULATOR APPLICATIONS 


PRECISION REGULATORS — A723 SERIES 


BASIC LOW VOLTAGE REGULATOR 
(VOUT =2TO7V) 


REGULATED 
OUTPUT 


C; 100pF 


TYPICAL PERFORMANCE 
Regulated Output Voltage — 5V 
Line Regulation (AVin = 3 ¥) 0.5 mV 
Load Regulation (Al:==-50 mA) 1.5 mV 


R: Rz 


Rit Re for minimum temperature drift. 


Note: R; = 


NEGATIVE VOLTAGE REGULATOR 


REGULATED 
OUTPUT 


TYPICAL PERFORMANCE 
Regulated Output Voltage —15V 
Ling Regulation (AVin—=3¥V) I mV 
Load Regulation (Al. = 100 mA) 2 mV 


(NOTE 1} 


BASIC HIGH VOLTAGE REGULATOR 
(VOUT = 7 TO 37 V) 


REGULATED 
OUTPUT 


TYPICAL PERFORMANCE 


Regulated Output Voltage I5V 
Line Regulation (AVin = 3) 1.5 mV 
Load Regulation (Al. —50 mA) 4.5 mV 


Ri Rz 


Note: i =F Te, 


Ri may be eliminated for minimum component count. 


for minimum temperature drift. 


POSITIVE VOLTAGE REGULATOR 
(External NPN Pass Transistor) 


TYPICAL PERFORMANCE 
Regulated Output Voltage +i15V 
Line Regulation (AVin = 3) 1.5 mV 
Load Regulation (Al. = 1 A) 15 mV 


NOTE 1: For metal can applications where Vz is required, an external 6.2 V Zener diode should be connected in 
series with Vourt- 





TYPICAL VOLTAGE REGULATOR APPLICATIONS 


PRECISION REGULATORS — A723 SERIES 


POSITIVE VOLTAGE REGULATOR 
(External NPN Pass Transistor) 


TYPICAL PERFORMANCE 


Regulated Output Voltage +5¥ 
Line Regulation (AVin = 3 V) 0.5 mV 
Load Regulation (Al, = 1 A) 5 mv 


POSITIVE FLOATING REGULATOR 


TYPICAL PERFORMANCE 


Reguisted Output Voltage +50¥ 
Line Regulation (AVin = 20 V) 15 mV 
Load Regulation (Al: == 50 mA) 20 mV 


NOTES: 


FOLDBACK CURRENT LIMITING 


REGULATED 
OUTPUT 


TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 
Line Regulation (AV,,, = 3¥) 0.5 mV 
Load Regulation (Al, = 10 mA) 1 mV 
Short Circuit Current - 20mA 


NEGATIVE FLOATING REGULATOR 


REGULATED 
QUTPUT 


TYPICAL PERFORMANCE 
Regulated Output Voltage ~—100V 
Line Regulation (AVin = 20 VY) 30 mV 
Loed Regulation (Al.=-100 mA) 20 mV 


1. For metal can applications where Vz is required, an external 6.2 V Zener diode should be connected in series with 


| Your. —s-- 
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TYPICAL VOLTAGE REGULATOR APPLICATIONS 


PRECISION REGULATORS — A723 SERIES 


POSITIVE SWITCHING REGULATOR 


TYPICAL PERFORMANCE 


Regutated Output Voltage +5¥ 
Line Regulation (AVin = 30 Y) 10 mV 
"Load Regulation (Alt == 2 A) 80 mv 


REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 


TYPICAL PERFORMANCE 
Regulated Output Voltage +5¥V 
Line Regulation (4Vin = 3 ¥) 0.5 mV 
Load Regulation (AlL—50 mA) 1,5 mV 


Current limit transistor may be 
used for shutdown if current 
limiting is not required. 

Add if Vout >10V 


NOTE 1 


NOTES: 

1. Ly is 40 turns of No. 20 enameled copper wire 
wound on Ferroxcube P36/22-3B7 pot core or 
equivalent with 0.009” air gap. 

2. Figures in parentheses may be used if R1/R2 di- 
vider ‘is placed on opposite side of error amp. 


NEGATIVE SWITCHING REGULATOR 


TYPICAL PERFORMANCE 


Regulated Output Voltage —15V 
Line Regulation (AVin = 20V) 8 mV 


(NOTE 2) Load Reguiation (Al. == 2A) 6mV 


SHUNT REGULATOR 


TYPICAL PERFORMANCE 


‘Regulated Output Voitege +5¥ 


Line Regulation (AVin = 10V) 0.5 mV ~ 


Load Regulation (Al. = 100 mA) 1.5 mV 


- (NOTE 2) 


OUTPUT VOLTAGE 
ADJUST 





TYPICAL VOLTAGE REGULATOR APPLICATIONS 


SWITCHING REGULATORS — .A78S40 SERIES 





Cr Ape 
OSCILLATOR 


uA78S40 


TYPICAL STEP-UP OPERATIONAL PERFORMANCE 
Ta = 25°C 


CHARACTERISTIC CONDITION TYPICAL VALUE 


OUTPUT VOLTAGE tout = 50 mA 

LINE REGULATION 5V < Vin = 15V 

LOAD REGULATION 5 mA < Ioyt = 100 mA 
MAX OUTPUT CURRENT Vout = 23.75 
OUTPUT RIPPLE four = 50 mA 
EFFICIENCY lout = 50 mA 
STANDBY CURRENT lout = 50 mA 


TYPICAL STEP-DOWN PERFORMANCE 
TA = 25° 


CONDITION TYPICAL VALUE 


OUTPUT VOLTAGE lout = 200 mA 

LINE REGULATION 20< Vn = WV 

LOAD REGULATION 5 MA < lout = 30 MA 
MAX OUTPUT CURRENT Vout = 9.5 V 
OUTPUT RIPPLE lout = 200 mA 
EFFICIENCY * lout = 200 mA 
STANDBY CURRENT 


TYPICAL VOLTAGE REGULATOR APPLICATIONS 


SWITCHING REGULATORS ~— ,A78S40 SERIES 


OUTPUT VOLTAGE 
LINE REGULATION 
LOAD REGULATION 
MAX OUTPUT CURRENT 
OUTPUT RIPPLE 
EFFICIENCY 

STANDBY CURRENT 


lout = 100 mA 

8V = Vin < 18V 
SmA = lout = 150 mA 
Vout = 14.25 V 


Aout = 100 mA 
lout = 100 mA 
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Chapter 4 
POWER SUPPLY DESIGN 


A power supply normally operates from an ac line. Therefore, this ac input voltage must be converted to 
unregulated dc by some form of rectifier/filter combination and then to regulated dc. using a voltage 
regulator. This chapter discusses the performance characteristics-of the most common forms of rectifier/ 
filter combinations and provides appropriate design equations for any output voltage and current. 


DEFINITION OF TERMS current A lac? + lo? 
Parameter Definition : ac input power 


peak input voltage de output power 


dc output voltage load resistance 


resistance plus any added resistance 
plus the diode series resistance 


ac input voltage 


oe ea of the load current: ripple factor in ail charts normal- 
rms/ O ized as 100% equal to 1, 
effective value of all alternating 


components of load current, /e., 3 Inms\ 2 )¥2 
the current reading on an ac meter Y =(F<-1) = -1 


peak current through each rectifier 


average value of the load current, rectification efficiency, Po x 100% 
the reading on a dc meter Pin 


effective value of the total load 2 af where f = line frequency 





SINGLE PHASE, HALF WAVE RECTIFIER 
Figure 4-7 is a half wave rectifier and capacitor filter. Without the capacitor, peak current is 
VM 
z Im = Rs + Ri 


on the positive half cycle (or forward conduction cycle) of the input voltage. Some additional electrical 
characteristics follow. ; 


40. 
iM _|'m Pe. Cues) NR= a eae; 
rms = > O° 7 ‘e) nm? \IngtRi)? (+3) : 


Fig. 4-1. Half-Wave Rectifier Circuit with Capacitive Filtering 
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Fig. 4-2. Ripple Factor vs wR, C Fig. 4-3. Ing/Icg vs wR_C 





. Note that for a resistive load, the maximum ripple factor is 121% which, under most circumstances, re- 
quires filtering. When the capacitor is added across the load resistor, the ripple is reduced proportionate 
to the R; C product (Figure 4-2). 


One possible problem with any capacitive filter is the high peak current drawn due to the diode back-bias 
present throughout most of the input cycle. This is a result of the voltage stored across the filter capaci- 
tor. The rectifier conducts only during that short period of time when the input voltage exceeds the ca- 
pacitor voltage by one diode drop. During conduction, the rectifier must supply the capacitor with suffi- 
cient energy to hold the ripple within specification until the next conduction cycle. Figure 4-3 is a plot of 
the Iny/Iq ratio versus the R,C product with the Rg/Ry ratio as a variable. Notice that the surge- 
to-dc ratio of current increases asa fueron of both increasing capacitor value and of a reduced source- 
to-load impedance ratio. 


When the ripple factor, joa impedance, and w are known, the required capacitance can be determined 
from Figure 4-2. Because of the high turn-on surge, an external series limiting resistor is normally needed. 
Figure 4-4 is a plot of the dc-to-peak voltage ratio with the filter product as the X axis and the source/load 
impedance ratio as the third parameter. Note that the dc output-to-peak input voltage ratio approaches 
unity as the filter factor goes up and also as the source-to-load impedance ratio decreases. Because of the 
relatively large value of the filter capacitor required for a given ripple factor, the use of the half-wave ca- 
pacitor filter is usually limited to low current applications such as the subsidiary power supply for the 
4A723 in a floating regulator configuration. 


HALF WAVE RECTIFIER WITH SERIES INDUCTIVE FILTER 

Figure 4-5 is a half-wave rectifier with series inductive filtering. The inductor, in series with the load, 
prevents any rapid changes in the current flow and thus reduces the ripple factor by acting as an energy 
storage device. When the current flow is above the average current required, energy is stored in the in- 
ductor, and when the current is below the average, the stored energy is released. Figure 4-6 is the 
plot of ripple factor versus filter product for the inductor input filter. Because of the energy storage 
available with an inductor, the peak current through the rectifier is little more than the average cur- 
rent. However, the peak inverse voltage PIV seen by the rectifier is simply Vag, the peak input voitage. 
Figure 4-7 is a plot of Vo/Vjy ratio as a function of the inductor filter product. 
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Fig. 4-5. Half-Wave Rectifier 
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SINGLE-PHASE FULL-WAVE RECTIFIER 
Figure 4-8, a basic full wave rectifier, has the following electrical characteristics. 


'v ip= P -(= y’ ae une ach ee 
mee o-— 0 =(— s =0. 
rms v2 Us w (Rg+Ry)? (1+Ae) ets 


There are two interesting features. Efficiency has doubled, as can be expected when doubling the number 
of rectifiers. In addition, the ripple factor has decreased from 121% to 48% in comparison with the haif- 
wave circuit. Even with ripple reduction, a 48% factor is normally too high to be useful and must be fil- 
tered. Figure 4-9 is the filter product plot for both capacitive and inductive filters, assuming Rs <<R,. 
High peak currents are always associated with capacitive filters and Figure 4-10 plots the ratio of peak- 
to-de current as a function of the filter product. The relationship between the filter product, the Rs/R 
ratio and the dc output-to-peak input voltage is given in Figure 4-11 for the capacitive input filter. Load 
regulation may also be determined from Figure 4-71 by using the high and low limits for ee . 
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- Design Example 
For a full-wave circuit with the following re- 
quirements, 


for Y <0.1.((RLC = 10) 


Step 2 Calculate R, 
Vo=20V_s—, 
lo= 20 
es RL === 202 
7 <0.1 


with Rg = 12 
Step 3 Calculate C 


proceed with the following steps. 
* 10 10 1 


C= ——_—_—_—__ = ——-= 1300 nF 
Step 1 Find the filter product from Figure 4-9 GORL 120X207 2407 





RIPPLE FACTOR 


wi/Ry_ OR wRLC 


Fig. 4-8. Basic Full-Wave Rectifier Fig. 4-9. Filter Product 


Ze: 
= aii ee 
eae 





Fig. 4-10. Peak-to-DC Ratio Fig. 4-11. Load Regulation 


R . : 
Step 4 Calculate i= using the filter values from Figure 4-17. 


RE 7 20 . 
Rs 1 Vpk = 0.7 + O82 (intersection of 
— = % 
Ri 20 5% = and wR, C= 10 from Figure 4-11. 
; Ri 
Step 5 Find the transformer peak input voltage 
ei Vpk = 0.7 + 25.3 = 26 V peak or 
from the following i 52 V pk-pk or 
Vpk = diode forward voltage. One diode 18.6 Vims 


forward-voltage drop for a center-tapped 
full-wave input, two diode forward-volt- 


age drops for a full-wave bridge Step 6 Check peak diode current from Figure 


ae 4-10. For this example at a filter pro- 
2 oe duct of 10, the peak current is seven 
Vo/Vm times the dc current, or 7 A. 





LC SECTION FILTER 

The LC section filter is one method of reducing ripple levels without the need for single, large value filter 
components. The basic circuit is shown in Figure 4-12. As a general rule, the capacitive reactance should 
always be less than 10% of the load resistance at the second harmonic of the incoming frequency. All the 
succeeding information is based upon this ratio. The ripple factor for an L-section filter has the form: 


_ 0.47 
4w2LC-—1 


or, if n L-section filters are cascaded, then the ripple factor is: 


0.47 
(4w2L1C1—1) (4w2L2C2—1) —-(4w2L,C,—1) 


Figure 4-13 is a plot of the filter factor versus the w2LC product. The one additional requirement is con- 
tinuous current flow through the inductance. This says, in effect, that there is a critical inductor size. To 
assure this continuous current flow, a bleeder resistor Rx must be used at the filter output. The critical 
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Fig. 4-12. LC Filter Fig. 4-13. Filter Factor vs w2LC 
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value of inductance is 


_ Rg+ Rett . 


he 
ae where 


Rett = 


RKRL(max) 


=e and 
RK + Rt (max) 


Bleeder current Ix may be assumed to be 10% of minimum load current or, if this is not a practical value, 
then some reasonable minimum bleeder current is selected. Once the critical inductance is found, then 
the capacitor value may be determined by the following steps: Set L = 2 Le. Determine w?LC from Figure 
4-13 for the required ripple factor. Solve for C from w?2LC = X, where X is the product from Figure 4-13. 


The peak rectifier currents depend upon the size of the inductor selected such that if L=Lc then Ipg = 2 I 
and if L = 2 Lo then pg = 1.5 IL. The transformer secondary voltage is given by 


- 


Vims = 1-11 [vo + Rg (IL (max) + 1«)] 


= 


and the minimum PIV for the rectifier is 1.57 Voimax) for a full-wave bridge rectifier. 


For minimum power dissipation, Rx should be as large as possible. In some cases, since the value of criti- 
cal inductance is proportional to the value of the bleeder resistor, the selection of a high value results in 
an inductance too large to be practical. In this case, a swinging choke or a choke whose inductance de- 
creases with increasing current flow is needed. . 


Design Example 
Full wave, single-section, choke input filter design, 


Vo =50V Ik = 100 mA 


Step 5 Calculate Ipy 


Since L=Le 


A es then Im =2 {Ig tl 
lo=1A Rs = 102 meni 2 HO UK? 


Step 1 Calculate Rx 


IM=2x1.1=2.2A 
Calculate voltage drop both at no load 
and full load — 


Vp no load = Ix (Rg) = 0.1 x 10=1V 


Step 2 Calculate Rog 


Vp full load = (Ig + IK) Rg = 1.1.x 10=14V 
RKRt (max) 


Reff 
RK + Rt (max) 


= 500 2 (Ri (max) ~—— Calculate transformer minimum rms 


voltages 


Vems = 1.11 [vo + Rg (lo(max) + x)] 
Vimg = 1-11 (50 + 10 x 1.1) 


Step 3 Calculate Lc 


RefftRsg 500+10 510 
Vems = 1.11 (61) 


Step 4 Calculate C Vrms = 67.5 Vims 


Step 8 Calculate maximum output voltage 


Ten 0.01 . ee 
v = —— —IkR 
| | O(max) 1411 KAS 
then, w2LcC = 12 from Figure 4-13 67.5 
: Votmax) Borie X 10 = 61—1 = 60 Vde 
42 


12 -Step9 Calcualte PIV rating required 


PIV = (1.57) Vo(max) (See Table 4-1) 
PIV = 1.57 x60 =94V 
0.169:X 10-3 = 169 nF 





Transformer ratios are determined from Jable 4-7. 


SINGLE PHASE 
“HALE WAVE 
/ (1A) 


/ AMS 
' Input Voltage. 
Per Transformer 
Leg 
(Vi) 
Peak 
- Inverse 
‘Voltage | 
Per Rectifier 
~ (Pav) — 
Average 
Current 


Through 
Rectifier If 


Peak . 
‘Current | 
_ Through 
Rectifier In 


Transformer 
Total 
Secondary 
VA 


Transformer 
- Fotal 
Primary 

VA 
% Rippte 


Lowest 


, Ripple Frequency 


“Conversion 
Efficiency: 


Table 4-1. 





AS ‘ sae ' a 
Eas fF Shak. 


fA we. 
7 


SINGLE PHASE 
FULL WAVE 
CENTER TAP 
(1-B) 


Half Wave 
(See 1-A) 


Resistive & 


inductive Zaex0 : 


Capacitive «0.707 Vo 


Sine Wave 


“Sq. Wave - . 


_ Sine Wave 
Resistive Load 


Electrical Reference Table and Rectifier 


“+ as ae 


Full Wave 
- . Center-Tap 
(See 1-B) 


0.707 Vo. 


Bridge 


1.11VQ 1.11 Vo 


15719 


1.00 lo 


(See 1-C) © 


0.767 Vo 


SINGLE PHASE 
FULL WAVE 
BRIDGE 
{1-C} 


Single Phase Single Phase Three Phase ‘Three Phase 
Fult Wave 


Star 
(Haif Wave) 
(See 1-D} 


0.855 Vo 


0.707 Vo. 


0.333 19 


1.00 19 


1.21 !Q° 


THREE PHASE 
STAR 


(HALF WAVE) 
(1-D) 





Three Phase 
Double Wave 
With 
Interphase 
Transformer 
‘(See 1-G) 


Six-Phase 
Star 
(Three Phase 
Diametric) 
(See 1-F) 


Full Wave 
Bridge 
(See 1-E) 


0.741 Vo 


0.707 Vo 


0.33319 «0.16719 (0.167 19 


1.0519 0.525 Ig 


1.00 Io 0.500 ig 


Depends on Size of Capacitor 
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1,50 Po 


1.48 PG 


Fy 


- 97% 


Circuit Wave Shapes 


1.05 Po 


1.05 Po 





THREE PHASE 
THREE PHASE SIX PHASE DOUBLE WAVE 


STAR 
FULL WAVE , bald 
(THREE PHASE INTERPHASE 


TRANSFORMER 


BRIDGE 
DIAMETRIC) 
(1-€} (1-F) 





Table 4-1. Electrical Reference Table and Rectifier Circuit Wave Shapes (Cont'd) 


SWINGING CHOKE LC SECTION FILTER 
When designing a swinging choke section filter, the inductance required at the minimum and maximum 
output currents can be determined as follows. 


1. Find Le (critical inductance) 2. Find L2 (inductance at maximum load current) 
RotR Rst+R 
Lo* Ss eff L2 = Ss eff2 
3 3w 
where, as before: where: 

RKRL (max) — Ru(min) RK 
Rett = ———_—_ Rett2 = ———__— 
RK + Ri (max) Ri(min) + RK 


When Lc has been determined, then the capacitor value may be calculated as before. The condition 
w?Lc S 1/4 should be avoided due to possible filter instabilities. 


CAPACITIVE INPUT FILTER CHARACTERISTICS 
Rs/Ri (min) = 0.02 WCRI (min) = 12 


When the voltage and current levels are known, 7ab/e 4-2 can be used to select the optimum configura- 
tion and determine transformer and rectifier characteristics. 


VOLTAGE DOUBLERS 

Increased dc output voitage from a transformer winding can be obtained using a voltage multiplier cir- 
cuit. However, this method requires additional components, /.e., two filter capacitors, and reduces the 
output current. A full-wave doubler and a half-wave doubler are shown in Figure 4-74. The half-wave 
doubler is generally preferred since it has a common input and output terminal. In operation, C2 is 
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SINGLE PHASE SINGLE PHASE ‘ SINGLE PHASE 
ade FULL WAVE FULL WAVE FULL WAVE 
Ae v CENTER TAP BRIDGE VOLTAGE DOUBLER 
: {2-B) 


Single Phase Single Phase 
Full Wave Full Wave Full Wave 
Center-Tap Bridge Voltage Doubler 
Characteristic (See 2-6) (See 2-C) (See 2-D) 


v; 0.805 Vo 0.552 Vo 
PIV 1.14Vo 4.56 Vo - 
Ripple 0.06 Vo 0.09 Vo 
Ing/Rect. 4.75 lo 3.00 Ig 
lams/Rect. 1.33 I9 1.10 to 
SEC VA 2.16 Po 1.22 Pop 
PREVA 2.16 Po 1.72Po 





Table 4-2. Capacitive Input Filter Characteristics and Rectifier Circuit Wave Shapes 


FULL WAVE HALF WAVE 


Fig. 4-14. Voltage Doublers 





charged on one half cycle; on the second half cycle, C1 is charged thereby summing the voltages across 
each capacitor. This provides a doubling effect since the output voltage is approximately twice the input 
voltage. 


PRE-REGULATORS 
Pre-regulators for use in power supplies take one of two forms. 


@ Fixed output circuit for use with limited output adjustment range supplies (Figure 4-75). 
® Tracking pre-regulators which maintain a fixed minimum input/output differential (Figure 4-76). 
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In both cases this circuitry operates by holding the SCR gates at some dc potential which fires the for- 
ward biased (anode to cathode) device whenever the ripple voltage on the filter Capacitor rope t to a level 
sufficient to exceed the gate-to-cathode threshold of the SCR. 


Two precautions are necessary when either pre-regulator circuit is used. 


- @ The firing of the SCR is done on a dc drive basis, and represents a “soft fire” condition, ie. no gate 
overdrive; this should be considered when selecting power devices. 


ee 


@ RFI should be considered in the application of these circuits as the SCRs operate effectively as phase 
control devices. | 


Fig. 4-15. Fixed Output Circuit 


TO REGULATOR 
OUTPUT 


VoutT(min) = VOUT (reg) + V2 (D1) —SCR gate threshold 





Fig. 4-16. Fixed Input/Output Differential 
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COMPLETE CIRCUITS 

Two circuits are included to show combinations of several of the circuit techniques previously presented. 
Figure 4-17 is a grounded, tracking pre-regulator design adjustable from 3 to 25 V using the transformer 
shown with the minimum input/output differential set by the 1N749 Zener diode. The power for the 
regulator control portion is provided by a separate voltage source to insure efficient operation at low out- 
put voltages, while maintaining a voltage greater than the 9.5 V minimum specified for the uA723 in- 
ternal circuitry. 


Figure 4-18 again provides a controlled voltage across the series-pass device. But, due to the floating con- 
figuration, the device is capable of regulation from O to 150 V using the specified isolation transformers. 
In this example, the power for the integrated circuit is provided by the combination of the voltage doub- 
fer C1, C2, D1, D2 and a transistor-buffered Zener diode which provides approximately 20 V for the 
regulator. In both Figures 4-17 and 4-78, the maximum output capability is limited by the power com- 
ponents; therefore the selection of a heavy-duty transformer, diodes, SCRs and output devices allows 
power capability expansion of the basic circuitry to fit almost any requirement. 





TYPICAL PERFORMANCE 


Vo 3 V to 25 V (Transformer Limit) Load Regulation .04% of Vo 

louT current limited at 0.8 A Alout = 50 mA to 500 mA 

Line Regulation < 1 mV any Voltage and Load ; Ripple and Noise = < 2 mV pk-pk over full Vo Range 
AVin = 95 Vrms to 125 Vrms 


Fig. 4-17. Tracking Pre-Regulator 
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1:1 Cc 
ISOLATION 10 pF 
TRANSFORMER 450 V 


TYPICAL PERFORMANCE 


Vo = 0 to +150 Vo (Transformer Limit) Load Regulation 0.1% of Vo 
louT current limited at 170 mA Alout = 15 mA to 150 mA 
Line Regulation = 0.04% of Vo Ripple < 0.05% of Vo 
AVin = 95 Vrms to 125 Vrms 


Fig. 4-18. High Voltage Tracking Regulator 
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Chapter 5 
POWER TRANSISTORS 


When using power transistors in voltage regulators, the designer should be fully aware of the capabilities 
and limitations of these components, particularly the mechanisms affecting performance under high elec- 
trical and thermal stress. Power transistors are typically used in high current, high voltage and high tem- 
perature applications, e.g., in resistive and clamped inductive Switching circuits, unclampled inductive 
switching circuits, and Class B amplifiers. These conditions, separately or in combination, can be destruc- 
tive; therefore, the power transistor selected for a specific application must be capable of safely with- 
standing all operating conditions forced by the circuit. _ 

A number of factors such as second breakdown, dissipation capability, current and voltage ratings, and 
ambient temperature critically affect the performance of power transistors in circuit applications. These 
factors define the safe operating areas (SOA) for the forward-biased and reverse-biased modes within 
which each device can be safely operated without failure or degradation. Most manufacturers publish SOA 
curves to provide the circuit designer with an easy method for specifying power transistors. 


'DC FORWARD-BIASED SAFE OPERATING AREA 
In a typical safe area diagram, Figure 5-7, collector current Ic is shown as a function of collector-to- 
emitter voltage VCE: Each curve is labeled with the duration of the on pulse - from the worst-case dc 
condition to a minimum duration of 5 ws - at Tc = 100°C and a 1% duty cycle. The four factors limit- 
ing the de forward-biased SOA of a particular power transistor are the collector current (1), thermal 
limitations (2), second breakdown limitation (3), and VcEQ{sus) (4). 


Operation above the Ic boundary (rated Ic(max)? may cause melting of the emitter lead wire, lifting of 
the lead wire bonds, or damage to the chip itself. Operation above the thermal limitation boundary causes 
overheating of the chip which may impair reliability. The second inclined portion of the right boundary 
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Fig. 5-1. Typical Safe Area 
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represents the second breakdown limitation. Operation to the right of this boundary causes second break- 
down, which may destroy the device due to localized overheating. The vertical portion of the right bound- 
ary represents the primary voltage breakdown limitation, VCEO(sus): Operation to the right of this 
boundary results in voltage breakdown and excess current that may destory the device. Within these four 
boundaries, operation at any point (any combination of voltage and current) is safe. For example, 30 W 
(30 V x 1 A) can safely be dissipated in this example when the case temperature is 100°C. 


Power dissipation at high voltages is limited by second breakdown, boundary (3) in Figure 5-7. Under 
second breakdown conditions, the output impedance changes aimost instantaneously from a large value 
to a small limiting value. This condition is distinguished from normal transistor operation in that once it 
occurs, the base no longer controls normal coliector characteristics. Physically, second breakdown is 
caused by localized current concentrations resulting in uncontrollable generation and multiplication of 
carriers causing a sudden reduction of collector impedance. As the duration of this phenomenon exceeds 
the thermal time constant of the area, the transistor is irreversibly damaged. The forward-bias second 
breakdown current Igp is defined as the current at the onset of second breakdown. To increase the Isp 
rating of a power device, wide base-width and uniform base-dopant concentration are key factors. Wide 
base width improves second breakdown capability in three ways. First, it reduces intensity of the trans- 
verse electric field; second, a wide base promotes fanning out of the current before it reaches the collec- 
tor-base junction, thus tending to eliminate generation of hot spots; third, it also acts to thermally isolate 
the emitter-base junction from the hot spots generated in the collector base region, thus tending to pre- 
vent thermal runaway. Uniform base doping such as obtained by the Fairchild multiple epitaxial process, 
utilizing epitaxial base material, improves second breakdown capability by reducing the transverse elec- 
tric field in the base. 


The fourth limitation of the SOA area is the open-base breakdown voitage VcEQsus) Which can be writ- 
ten as a function of three variables, Qp, N and Wc, where Qs is the charge in the base, N is the collector 
impurity concentration and Wc is the metallurgical collector width. VcEO(sus) is reduced from the col- 
lector base breakdown voltage BVcgo by a factor that decreases with increasing peak gain. The equation 
showing this relationship is 


BVcBO 


where n has values ranging from 2 to 6 and @& = common base current gain, which in turn is a function of 
Qg, N and We. 


=(1-a)"" 


' PULSED FORWARD-BIASED SAFE OPERATING AREA 
So far, discussion of forward-biased safe area has been limited to dc operation. Another forward-bias 
operating mode, namely, pulsed operation, must be considered. Refer to the typical safe area diagram in 
Figure 5-1. Very high peak power dissipation is possible during pulsed operation. For example, peak 
power of 360 W at 60 V is permissible for a pulse width of 0.1 ms, compared with maximum power of 
only about 115 W at 60 V for dc conditions. This high peak power capability arises from the inherent 
thermal capacitance of the device which enables it to absorb short bursts of energy without exceeding 
the maximum junction temperature or going into second breakdown. If the time between power pulses is 
relatively long (low duty cycle), most of the stored thermal energy is dissipated before the next power 
pulse arrives; thus, temperature build-up in the device is prevented. As indicated in Figure 5-7, allowable 
peak power increases as pulse width decreases. This follows from the fact that total energy absorbed is 

equal to the product of power and time. If the time duration of the pulse decreases, peak power can in- 
crease without increasing total energy absorbed. 


REVERSE-BIASED SAFE OPERATING AREA 

When the emitter-base junction of a transistor is reverse biased, the device begins to turn off. in an un- 
clamped inductive circuit, an electrical stress occurs that can result in reverse-biased second breakdown. 
When the load is resistive or a clamped inductance, the transistor sees very little energy in the reverse- 
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biased mode; but, when the load is an unclamped inductance, almost all of the energy contained in the 
coil is dumped into the transistor, /.e., 
E= 1/2 Lig. 


Second breakdown energy Egg is the guaranteed reverse-biased energy the transistor is capable of with- 
standing. When the emitter-base junction is reverse biased, a transverse voltage gradient appears in the 
base region forcing severe current crowding under the center of the emitter (Figure 5-2). This condition 
is further aggravated by thermal feedback. If the energy in this hot spot raises the temperature of the sili- 
con above approximately 400°C, the emitter-base junction goes.into avalanche and the sustaining volt- 
age collapses within nanoseconds. Usually, the transistor is destroyed. 


During reverse-bias operation, current is concentrated in a small centralized area rather than in a rela- 
tively larger area under the emitter periphery as is the case during forward-biased operation. Therefore, 
since the current crowdirig is greater, Egp is much less than the energy capability when the transistor is 
forward biased. 


The Esp capability of a power transistor depends on both the transistor and the circuit design. For low 
Esp Stress, the transistor design must include a large emitter area, a high resistive collector and graded 
collector doping to reduce current crowding. The circuit should be designed with low inductance (Figure 
5-3) and low Jc to maintain low energy, keeping in mind that for a specified energy levei, as L increases, 
second breakdown stress on the transistor becomes more severe. To reduce the transverse voltage grad- 
ient in the base, and therefore reduce current crowding, low reverse bias Vpr and large base resistance 
Rpg are required. 


The effective capacitance Cog on the collector should be low, otherwise it takes too long for the Cogs to 
charge to VCE(sus) and the device turns off completely (Curve 3a in Figure 5-4). When this happens, the 
voltage rises to the blocking voltage and the Cogs discharges into the transistor (snap back). This is a very 
stressing situation since the collector current goes high during total cutoff thus causing extreme current 
crowding. Generally, an Egp Stress is safe as long as the dissipated energy is less than that specified on the 
data sheet and provided L < Lgneg, Rae = Ree(spec)! VBE] <| VBE(spec) |, 2nd the device is operated in 
the sustaining mode and sianback is avoided by holding Co¢¢ low (See Figure 5-5). When L > Lspec: the 
SOA limit follows an approximate curve, Lie, = constant; it is usually safe to consider 0 = 1. 
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Fig. 5-2. Current Crowding During Reverse- Fig. 5-3. Reverse-Biased Transistor with 
Biased Cutoff Inductive Load 
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Turn off with very small C etf - 
o Copp Softens the curve; itmust — 
be charged before V, 
~t—— VCE(BLOCKING) is oe CE(sus) 
Large C ,sallows the transis- 
tor to turn off (3a) before the 
energy Stored in L is dis- 
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Fig. 5-4. Inductive Turn Off 
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Fig. 5-5. Reverse-Biased Safe-Operating Area 





Although this is a valid rating system, it is good design practice to avoid reverse-biased stress by 
clamping or waveshaping. While the power-transistor manufacturer can guarantee an Esp rating, it 
_ must be kept in mind that non-destructive testing is difficult, lot-to-lot and unit-to-unit variations are 
significant and the fast high voltage power transistors, in particular, have limited Esp capabilities. 


THERMAL LIMITATION 


The thermal limits placed on power dissipation are established to prevent overheating of the chip, 

and depend upon the junction-to-case thermal resistance @j¢ of the device. This resistance de- 

termines how readily the heat generated in the chip during operation is conducted to the outside 

surface of the case (package). It is measured by comparing, the temperature of the collector base 

junction with the temperature of the case at a known power dissipation level. 0yc is expressed in 

units of degrees centigrade per watt. The industry specifies a maximum permissible junction 

temperature of 200°C for metal can power transistors and 150°C for plastic devices. Based on this 

limit and the @jc value, maximum allowable power dissipation in the thermally limited region can. 
be determined for any case temperature. See Chapter 6 for additional information on the thermal 

- resistance. 
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FAIRCHILD POWER TRANSISTORS (Figure 5-6) 


Double-Diffused Epitaxial Planar* power transistors, made by the same process used for small- 
signal transistors, are characterized by shallow diffusions into an expitaxial layer. The junctions are 
normally passivated with silicon dioxide to ensure low leakage currents and optimum stability. This 
is the most common form of Planar power transistor and both npn and pnp types can easily be 
made. The devices typically have very low leakage, high gain, low saturation voltage and high 
gain-bandwidth product. Typical values for the latter range from 20 to 200 MHz. Double-diffused 
epitaxial Planar transistors are primarily used in high frequency, high reliability switching and 
amplifying applications with f+ ratings greater than 30 MHz and maximum collector current ratings up 
to 10 A. as 


These transistors have a relatively poor safe operating area because of the narrow base region and the 
depletion of the entire voltage into the collector region. Maximum die yield depends on expert photo- 
resist techniques for diffusing impurities through an opening etched in the surface oxide. The oxide- 
masked and phosphorous-passivated Planar structures allow lower leakage than mesa junction devices. 
The structure is limited to approximately 400 V breakdown voltage. This is a result of uncontrolled 
surface charge introduced into the high field region associated with the finite radius of curvature of 
the impurity diffusion front. This results in premature breakdown. The use of metallic overlay (junction 
field plate) and resistive films is employed to combat these effects. 


Single Epitaxial-Base Mesa transistors are manufactured by diffusing an emitter into an epitaxial base 
region deposited on the collector substrate. The collector voltage depletes into the base region. The 
device is fairly rugged with reasonable gain and medium fy. The safe operating area capability is bet- 
ween Planar triple diffused and single diffused mesa. Epitaxial base devices gain ruggedness as a 
result of the wide and homogeneous base region. Both npn and pnp-type transistors can be made by 
this process. Performance is somewhat limited by low voltage ratings imposed by the abrupt base- 
collector junction formed between the heavily doped collector substrate and the epitaxially deposited 
base layer, and by the thickness of this layer. 


Muttiple Epitaxial-Base Mesa processing uses two epitaxial layers to form the collector and base regions, 
a mesa etch to define the collector-base junction, and Planar processing to form the emitter-base junc- 
tion. This produces low-cost, high-current devices with excellent safe-area capabilities. Epitaxial-base 
transistors gain ruggedness as the result of the wide homogeneous base region. When compared to 
conventional single-diffused devices, epitaxial-base mesa transistors exhibit higher working voltage capa- 
bilities, lower saturation voltages, and lower leakage currents. Beta linearity is also improved and npn 
and pnp complementary devices are readily produced. Maximum current ratings extend to 50 A and 
fy ratings to 15 MHz. 


Multiple-Epitaxial Double-Diffused Base Mesa structures are identical to the double-diffused epitaxial 
except that multiple-epitaxial layers are used in the collector region and the collector-base junction is 
formed by a mesa etch. A low resistivity thin layer is epitaxially grown between the highly doped 
substrate and the low-epitaxial collector region. The advantages of the multiple-epitaxial double-diffused 
structure are high speed (f7 = 50 MHz), low saturation voltage and increased Egp capability due to 
the epitaxial intermediate collector. 


SUMMARY : 

While the manufacturer can specify device performance limitations, it is imperative that the circuit design- 
‘er operate the power transistor within its SOA and use appropriate heat sinking and careful mounting 
techniques to eliminate the threat of device failure or degradation. However, since each mode of opera- 
tion has a specific set of electrical and thermal stress conditions, the SOA curves on the data sheet cannot 
possibly define all absolute maximum ratings. This is especially the case when the power transistor is used 
in pulsed operation. 


*Planar is a patented Fairchild process. 
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POWER TRANSISTORS (BY Ic max, POLARITY AND ASCENDING VcEo) 
DEVICE NO. | hFE @lic|Vce(sat) @ Ic 
Polarity A Vv 
Min/Max 
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POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING VcEo) Continued 


DEVICE NO. 
Polarity 
NPN PNP 


hre @lc | Vce(saty @ Ic fT Pp(Max) 
A Vv A MHz Ww 


Min/Max Max Min(Typ) | Tc=25°C 


‘Ic = 1.0 A Max Continuous (Cont'd) 


1 


2 
3 
F 
5 
6 
ri 
8 
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TO-66 
TO-66 | 
Dynawatt 
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Dynawatt | 
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TO-66 - 
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TO-39 
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TO-220 


= 
Oo 


Dynawatt 


Dynawatt 





TO-220— 


POWER 


POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING Vcgo) Continued 


DEVICE NO. @ IclVcE(sat) @ Ic 
Polarity Vv A MHz 
Min/Max Max . Min(Typ) 
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POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING VcEo) Continued 
DEVICE NO. hee @Ic/Vce(sat) @ 'c 
Polarity Vv A 
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POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING VCEO) Continued 


DEVICE NO. 
Polarity A Vv A _ Package 
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POWER 


_ POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING VcE0) Continued 
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POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING VCEO) Continued 


DEVICE NO. 
Polarity 
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0 
0 


— 
So 


1.0 
j2neossr | aneost | 80 | 750/1eK 60 | 20 
| 2noss* | 2N6052* | 100 | 750/18K 6.0 | 20 


13 
sees | 13 
anes7e> | 
fansossso| 
ansoss | 
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POWER 
POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING VCEO) Continued 







DEVICE NO. hre @lec |Vce(sat) @ Ic 
Polarity A Vv A 
Min/Max 


Ic = 15.0 A Max Continuous (Cont'd) 


oe ee Se ee 
ca] Eee 





Tawra | 
| 2nsees | 2ns863 | 60 _ 
| 2ne282"| 2nezes"| 60 | 
jansoss | | 75 | 
| 2Nezes" | 2N6286" 
2N5884 
| 2Ns303 | 
|2nsoss | 


750/18K 


750/18K 


a! 
| 2N5301 | 
fe oe 
| 2N5302 | 
Se0008 | 8 
asses | 
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POWER 


POWER TRANSISTORS (BY Icmax, POLARITY AND ASCENDING VCEO) Continued 


DEVICE NO. 
Polarity MHz 
Min(Typ) 


Fansees | 20609 


Switching Times (Typ) 
DEVICE NO. ton ts ty 


Polarity us us LS 


0.45 3.0 


0 
2N5840 10/50 2.0 0.45 3.0 


2N3716 
FT430 
FT431 


| a0 | soso 610 | 04 8 

| 300 | 11545 251 05 26 03 25 

15/35 25 | 05 26 03 2. 

10 05 10 04 10 

10 | 05 10 04 10 | 175 
350 


| 350 | 6/50 10 0.5 1.0 0.4 175 


10 
FT3055 FT2955 4.0 | 65/.35 .5/.25 .4/.15 10 70 
3.0 


Leo: | 
anezss* | | 40-'| tK/20K~=— 3.0 | 08) =040 5, 40 
2N6387* | 60 | 1K/20K ~=650 | 08 35 50 50 
| 80 


2N6388* 1K/20K 5.0 0.8 3.5 5.0 5.0 40 


*Darlington 
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POWER 


POWER SWITCHING TRANSISTORS (BY Ic max, POLARITY ) Continued 


Switching Times 
DEVICE NO. ton ts ty 
pe LS KS 
Typ Typ Typ 


20a 
|60_| 750/18K 
| anezes* | 2nezeer | _80_| 750/18K 
Ic Max = 30 A 


s J ansso1 | anasee [40 [ i500 1s [asa var sa wo] 200 | 10 


*Darlington 





5-18 


SELECTION GUIDES AND INDUS: a 


RE Bae 


TESTING AND RELIABILITY _ 


POWER SUPPLY DESIGN™” 
POWER TRANSISTORS 


THERMAL CONSIDERATIONS 


PRODUCT INFORMATION _ 














DEFINITIONS, ORDERING INFORMATION 
AND PACKAGE OUTLINES = 





FAIRCHILD FIELD SALES OFFICES 





| REPRESENTATIVES AND D 


ay .s 


: - A a, Sa) Saaies sors i 
eee eee rece encesccrcesooee RHO - X 
SE a 4! ee 4 


3 3 —— te, op < 
. . Ce wy eee ee 


B, 
es 
ag 

ed 





Chapter 6 
THERMAL CONSIDERATIONS 


To fully utilize the various available regulator packages, sufficient attention must be paid to proper heat 
removal. For efficient thermal management, the user must rely on important parameters supplied by the 
manufacturer, such as junction-to-case and junction-to-ambient thermal resistance and maximum oper- 
ating junction temperature. The device temperature depends on the power dissipation level, the means 
for removing the heat generated by this power dissipation and the temperature of the body (heat sink) to 
which this heat is removed. 


Figure 6-1 shows a simplified equivalent circuit for a typical semiconductor device in equilibrium. The 
power dissipation, which is analogous to current flow in electrical terms, is caused by a heat source sim- 
ilar to a voltage source. Temperature is analogous to voltage potential and thermal resistance to ohmic 
resistance. Extending the analogy of Ohm’s law to 


: 9 ya(tot) — 9c + 8csg + 8s = 


Thermal resistance, then, is the rise in the temperature of a package above some reference level per unit 
of power dissipation in that package, usually expressed in degrees centigrade per watt. The reference 
temperature may be ambient or it may be the temperature of a heat sink to which the package is connected. 
There are several factors that affect thermal resistance including die size, the size of the heat source on 
the die (series-pass transistor in an IC regulator), die-attach material and thickness, leadframe material, 
construction and thicieness. 


Ty JUNCTION TEMPERATURE 


> 
POWER (P) 


93¢ JUNCTION-TO-CASE 
THERMAL RESISTANCE 


Tc CASE TEMPERATURE 


HEAT 6cs CASE-TO-SINK 
SOURCE THERMAL RESISTANCE 


Ts SINK TEMPERATURE 


6sa SINK-TO-AMBIENT 
THERMAL RESISTANCE 


Ta AMBIENT TEMPERATURE 


Simplified Thermal Circuit 
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THERMAL EVALUATION OF REGULATORS 

To measure thermal resistance, the difference between the junction temperature and the chosen refer- 
ence temperature, case, sink or ambient, must be determined. Ambient or sink temperature measurement 
is straightforward. For case-temperature measurement, the device should have a sufficiently large heat 
sink and the power level should be close to the specified rating of the package-die combination. The case 
or tab temperature can be measured by an infrared microradiometer or by using a thermocouple soldered 
to a point in the center of the case or tab at the tab-heat-sink interface as close to the die as practical. 


Measurement of the junction temperature, unfortunately, is not as simple and involves some calibrations. 
There are several methods available for junction-temperature measurement; the two most commonly 
used are described here. 


Thermal Shutdown Method 
With this method, the thermal shutdown temperature of each device is used as the thermometer in deter- 
mining the thermal resistance. The device is first heated externally, with as little internal power dissipa- 
tion as practical, until it reaches thermal shutdown. Then, with the device mounted on a heat sink, the 
regulator is powered externally until it reaches thermal shutdown again. With some packages, the am- 
bient of the device and its heat sink may have to be elevated sufficiently to force the regulator into shut- 
down. The thermal resistance of the device can then be calculated by using 
Bats T J ™~ Te 
95c = ree 
D 


where 8 jc is the junction-to-case thermal resistance 
Ty is the measured thermal shutdown temperature 
Tc is the measured case temperature 
Pp is the power dissipated to force the device into shutdown 
and is equal to 


(Vin — Vout) lout + Vin !a 


Iq is the quiescent current of the device and can be neglected for 
low thermal resistance packages such as the TO-3 and TO-220. 


Substrate or Isolation Diode Method 

The second method of thermal-resistance measurement utilizes the isolation diodes within the integrated 
circuits as temperature sensing element*. Under normal operating conditions, the substrate diodes are 
reverse biased and separate or “‘isolate” active as well as passive components within an integrated circuit. 
(See Figure 6-2). When the regulator is reverse biased and a constant current is forced through the device 
between the input terminal and ground, the substrate diodes become forward biased; naturally, when the 
forward drop is measured, the diode with the highest temperature (lowest forward drop) is detected. 
Measurement of the thermal resistance of the regulator then involves two steps: 


Calibrating the substrate diode at a fixed Igyjpg level in an oven or bath at two temperatures, prefer- 
ably near the device operating junction temperature. It is assumed that this voltage drop changes 
linearly with temperature. 


Measuring the junction temperature. The device is powered through a switching circuit $1 at a duty 
cycle greater than 99% (Figure 6-3); thus the device is electrically heated until it reaches equilib- 
rium. During short measuring intervals (<< 1% duty cycle), the switching circuit de-energizes the de- 
vice and the forward drop of the substrate diode is measured at the previously calibrated Igupg cur- 


rent level. This voltage drop must be measured as soon as possible (several microseconds) after the 
*For more detaiied explanation of this method, see Fairchild Application Note 205, “Thermal Evaluation of integrated Circuits”. 
For »A723 thermal considerations, see page 3-29. 
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removal of the power pulse to avoid inaccurate readings due to cooling of the chip. Diode D1 pre- 
vents reverse current from flowing through the load resistor Rj during the substrate-diode measur- 
ing interval. Since the change in the isolation diode drop is assumed to be linear with temperature, 
the measured voltage drop can be converted to.its corresponding junction temperature by interpola- 
tion or extrapolation. Thermal resistance can then be calculated by the same formula used in the ther- - 


mal-shutdown method. 


; s COLLECTOR SUBSTRATE DIODES COLLECTOR 


SUBSTRATE 


EMITTER EMITTER 


_ Cross-sectional Diagram Showing Two Monolithic Equivalent Circuit 


Transistors Isolated by Substrate Diodes 


Fig. 6-2 Monolithic Transistor Isolation 


INPUT 
DUT OUTPUT 


COMMON 


Fig. 6-3. Thermal Resistance Measurement Circuit Using Substrate Diode Technique 





HEAT SINK REQUIREMENTS 

When is a heat sink necessary, and what type of a heat sink should one use? The answers to these ques- 
tions depend on reliability and cost requirements. Heat sinking is necessary to keep the operating junction 
temperature T, of the regulator below the specified maximum value. Since semiconductor reliability im- 
proves as operating junctian temperature is lowered, a reliability/cost compromise is usually made in the 
device design. 


Table 6-1 is a tabulation by package of the various regulators available from Fairchild. It also lists the 
average and maximum values of thermal resistance for the regulator chip-package combinations and can 
be used as a guide in selecting a suitable package when designing a regulator circuit. 


Thermal characteristics of voltage-regulator chips and packages determine that some form of heat sink- 
ing is mandatory whénever the power dissipation exceeds the following. 


0.67 W for the TO-39 package 

0.69 W for the TO-92 package 

1.56 W for the Mini Batwing and Power Watt (similar to TO-202) PacKeges 
1.8 W for the TO-220 package 

2.8 W for the TO-3 package 


at 25°C ambient or lower power levels at ambients above 25°C. 
To choose or design a heat sink, the designer must determine the following regulator parameters. 


Pp(max) — Maximum power dissipation: (Vig — Vout) lout + VIN !o 

Ta(max) — Maximum ambient temperature the regulator will encounter during operation. 
T J(max) — Maximum operating junction temperature, specified by the manufacturer. 

9 jc, 9 ja — Junction-to-case and junction-to-ambient thermal resistance values, also 
specified by the regulator manufacturer. 

8c — Case-to-heat-sink thermal resistance which, for large packages, can range from 
about 0.2°C/W to about 1°C/W depending on the quality of the contact between the 
package and the heat sink. 

Isa — Heat-sink-to-ambient thermal resistance, specified by heat-sink manufacturer. 


Maximum permissible dissipation without a heat sink is determined by 


T ymax) — TA(max) 


Po(max) ~ Oy 


If the device dissipation Pp exceeds this figure, a heat sink is necessary. The total required thermal resis- 
tance may then be calculated. 


Tmax) ~ Ta(max) 


9 jartot) = 9uc + 8cs + 8sa = Pp 


Case-to-sink and sink-to-ambient thermal resistance information on commercially available heat sinks is 
normally provided by the heat sink manufacturer. A summary of some commercially available heat sinks 
is shown in Table 6-2. However, if a chassis or other conventional surface is used as a heat sink, Figure 
6-4 can be used as a guide to estimate the required surface area. 
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SURFACE AREA 
(BOTH SIDES OF THE HEAT SINK) 
SQUARE INCHES 


3 45 6 8 10 15 20 2530 40 5060 8&0 


3/46 TTT MTT TTT TT TTT 
COPPER; 


8 7: #66 5 4 3 2 7° 15 1 
THICKNESS 8 7 6 5 4 3 25 2 HORIZONTALLY- 


. [ ; MOUNTED 
332° fuluululutibnt tt 


3/16" 
COPPER, 
THICKNESS VERTICALLY- 
“ MOUNTED 
3/32" 


3/16" 
ALUMINUM, 
THICKNESS HORIZONTALLY- 
MOUNTED 
3/32” 
3/16" 
6 ; ALUMINUM, 
THICKNESS - 5 VERTICALLY- 


. : j ‘ MOUNTED 
3/32” Ud tl 


THERMAL RESISTANCE IN °C/W 


NOTE: 

To determine either area required or thermal resistance 
of a given area, draw a vertical line between the top 
{or area) line down to the material of interest. 


Fig. 6-4. Heat Sink Material Selection Guide 





How to Choose a Heat Sink — Example 
Determine the heat sink required for a regulator which has the following system requirements: 


Operating ambient temperature range: 0°C—60°C 
Maximum junction temperature: 125°C 
Maximum output current: 800 mA 

Maximum input to output differential: 10 V 


From Jable 6-7, the choice is narrowed down to the “A7800 family, available in TO-3 and TO-220 pack- 
ages. The TO-220 package is sufficient (lower cost, better thermal resistance). 


8 jc = 5°C/W maximum (from data sheet or Table 6-7) 


Ty—Ta 
Pyaitot) ~ 8sc * 8cs + Osa = — pe 


_ 125 — 60 = ‘ 
98csg + Osa = 08xio 5 = 3.13°C/W 


Assuming 9c¢g = 0.13°C/W then 8ga = 3°C/W 
This thermal resistance value can be achieved by using either 22 square inches of 3/16 inch thick ver- 
tically mounted aluminum (Figure 6-4) or a commercial heat sink (7ab/e 6-2). 


- 
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Tips for Better Regulator Heat Sinking 
Avoid placing heat-dissipating components such as power resistors next to regulators. 


When using low dissipation packages such as TO-5, TO-39, and TO-92, keep lead lengths to a minimum 
and use the largest possible area of the printed board traces or mounting hardware to provide a heat dis- 
sipation path for the regulator. 


When using larger packages, be sure the heat sink surface is flat and free from ridges or high spots. Check 
the regulator package for burrs or peened-over corners. Regardless of the smoothness and flatness of the 
package and heat-sink contact, air pockets between them are unavoidable unless a lubricant is used. 
Therefore, for good thermal conduction, use a thin layer of thermal! lubricant such as Dow Corning DC- 
340, General Electric 662 or Thermacote by Thermalloy. 

in some applications, especially with negative regulators, it is desirable to electrically insulate the regu- 
_ lator case from the heat sink. Hardware kits for this purpose are commercially available for such packages 
as the TO-3 and TO-220. They generally consist of a 0.003 to 0.005 inch thick piece of mica or bonded 
fiberglass to electrically isolate the two surfaces, yet provide a thermal path between them. As expected, 
the thermal resistance will increase but, as in the direct metal-to-metal joint, some improvement can be 
realized by using thermal lubricant on each side of the mica. 
If the regulator is mounted on a heat sink with fins, the most efficient heat transfer takes place when the 
fin is in a vertical plane, as this type of mounting forces the heat transfer from fin to air in a combination 
of radiation and convection. 


if it is necessary to bend any of the regulator leads, handle them carefully to avoid straining the package. 
Furthermore, lead bending should be restricted since repeated bending will fatigue and eventually break 
the leads. 
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TABLE 6-2 
HEAT SINK SELECTION GUIDE 








Ign Approx. 

dT 
(°C/W) Manufacturer and Type 

TO-3 Packages 
0.4 (9" length) Thermalloy (Extruded) 6590 Series 
0.4- 0.5 Thermalloy (Extruded) 6660, 
(6” length) 6560 Series 

0.56 — 3.0 Wakefield 400 Series 


0.6 (7.5" length) Thermalloy (Extruded) 6470 Series 
0.7~-1.2 , Thermatioy (Extruded) 6423, 6443, 
(5- 5.5" length) 6441, 6450 Series 


1.0- 5.4 Thermalloy (Extruded) 6427, 6500, 
(3” length) 6123, 6401, 6403, 6421, 6463, 

6176, 6129, 6141, 6169, 6135, 
6442 Series 

1.9 IERC E2 Series (Extruded) 

2.1 IERC E1, E3 Series (Extruded) 

2.3 - 4.7 Wakefield 600 Series 

4.2 IERC HP3 Series 

4.5 Staver V3-5-2 

4.8- 7.5 Thermailoy 6001 Series 

5-6 iERC HP3 Series 

5-10 Thermatloy 6013 Series 

5.6 Staver V3-3-2 

5.9- 10 Wakefield 680 Series 


6 Wakefield 390 Series 


6.4 Staver V3-7-224 

6.5 ~ 7.5 JERC UP Series 

8 Staver V1-5 

8.1 Staver V3-5 

8.8 Staver V3-7-96 

9.5 Staver V3-3 

95-105 IERC LA Series 

9.8 - 13.9 Wakefield 630 Series 

10 Staver V1-3 

11 Thermalloy 6103, 6117 Series 
TO-220 Packages (See Note 1) 

4.2 IERC HP3 Series 

5-6 IERC HP? Series 

6.4 Staver V3-7-225 

6.5 — 7.5 {ERC VP Series 

7.1 Thermailoy 6070 Series 

8.1 Staver V3-5 

8.8 Staver V3-7-96 

9.5 Staver V3-3 

10 Thermalloy 6032, 6034 Series 

12.5 — 14.2 Staver V4-3-192 

13 Staver V5-1 

15 Thermalioy 6030 Series 

15.1 - 17.2 Staver V4-3-128 

16 Thermalloy 6072, 6106 Series 

18 Thermalloy 6038, 6107 Series 

19 IERC PB Series 

20 Staver V6-2 

20 Thermalloy 6025 Series 

25 IERC PA Series 


1. Most TO-3 heat sinks can also be used with TO-220 
packages with appropriate hole patterns. 

2. Most TO-220 heat sinks can be used with the Power 
Watt package. 


This list is only representative. No attempt has been made to provide a complete list of all heat sink manufacturers. 
Ail values are typical as given by manufacturer or as determined from characteristic curves supplied by manufacturer. 








8a, Approx. 
SA 
(°C/W) Manufacturer and Type 
TO-92 Packages 
30° Staver F2-7 
46 Staver F5-7A, F5-8-1 
50 lERC RUR Series 
57 Staver F5-7D 
65 lERC RU Series 
72 Staver F1-7 
85 Thermalloy 2224 Series 
Mini Batwing 
10 Thermailoy 6069 Series 
10.6 Thermaiioy 6068 Series 
11.7 Thermatloy 6067 Series 


13 Thermalloy 6066 Series 


20 Thermalloy 6062 Series 
26 Thermalloy 6064 Series 
TO-5 and TO-39 Packages 
12 Thermalloy 1101, 1103 Series 
12- 16 Wakefield 260-5 Series 
15 Staver V3A-5 
22 Thermalloy 1116, 1121, 1123 Series 
22 Thermalloy 1130, 1131, 1132 Series 
24 Staver F5-5C 
25 Thermalloy 2227 Series 
26 - 30 JIERC Thermal Links 
27 - 83 Wakefield 200 Series 
28 Staver F5-58 
34 Thermalloy 2228 Series 
35 IERC Clip Mount Thermal Link 
39 Thermalioy 2215 Series 


41 Thermalloy 2205 Series 
Staver F5-5A 

Wakefield 296 Series 
Staver F6-5, F6-5L 
Thermalloy 2225 Series 
IERC Fan Tops 
Thermalloy 2211 Series 
Thermalioy 2210 Series 
Thermalloy 1129 Series 
Thermalloy 2230, 2235 Series 
Thermalloy 2226 Series 
Staver F1-5 

Thermalloy 1115 Series 


Power Watt (similar to TO-202) Packages (See Note 2) 


12.5 — 14.2 Staver V4-3-192 

13 Thermalloy 6063 Series 

13 Staver V5-1 

15.1 - 17.2 Staver V4-3-128 

19 Thermalloy 6106 Series 

20 Staver V6-2 

24 Thermatioy 6047 Series 

25 Thermailoy 6107 Series 

37 IERC PA1-7CB with PVC-1B Clip 
40 — 42 Staver F7-3 

40 - 43 Staver F7-2 

42 IERC PA2-7CB with PVC-1B Clip 
42 ~ 44 Staver F7-1 


Thermalioy Inc.: 2021 W. Valley View Lane, Dallas, TR 75234 
Wakefield Engineering, Inc.: Audubon Rd., Wakefield, MA 01880 


IERC: 135 W. Magnolia Bivd., Burbank, CA 91502 
Staver Co. Inc.: 41-51 N. Saxon Ave., Bay Shore, N.Y. 11706 
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WA78LOO SERIES 
~ 3-TERMINAL POSITIVE VOLTAGE REGULATORS 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


Pat 


- 


& 


GENERAL DESCRIPTION — The xA78L00 series of 3-Terminal Positive Voltage Regulators is 
constructed using the Fairchild Planar* epitaxial process. These regulators employ internat current 
limiting and thermal shutdown, making them essentially indestructible. {f adequate heat sinking is 
provided, they can deliver up to 100 mA output current. They are intended as fixed voltage regulators 
in a wide range of applications including toca! or on card regulation for elimination of noise and 
distribution problems associated with single point regulation. In addition, they can be used with power 
pass elements to make high current voltage regulators. The #A78LOO used as a Zener diode/resistor 
combination replacement, offers an effective output impedance improvement of typically two orders 
of magnitude, along-with lower quiescent current and lower noise. 


CONNECTION DIAGRAM 


JEDEC (TO-92) PACKAGE 
(TOP VIEW) 


OUTPUT CURRENT UP TO 100 mA 

NO EXTERNAL COMPONENTS 

INTERNAL THERMAL OVERLOAD PROTECTION 

INTERNAL SHORT CIRCUIT CURRENT LIMITING 

AVAILABLE IN JEDEC TO-92 AND LOW PROFILE TO-39 PACKAGES 

OUTPUT VOLTAGES OF 2.6 V,5 V, 6.2 V, 8.2 V, 9 V, 12 V, 15 V, 18 V and 24 V 
OUTPUT VOLTAGE TOLERANCES OF :5% OVER THE TEMPERATURE RANGE 


r- yr tent 
re ee 


OUTPUT ie a eS 


{2) 


oee3e8e80 6 


ABSOLUTE MAXIMUM RATINGS 
Input Voltage 
26V to 1SV 
18 V to 24 V 
Internal Power Dissipation 
Storage Temperature Range 


35 V 
40V 
Internatly Limited 


Metal Can (TO-39 Type) -65°C to +150°C 
Molded TO-92 -55°C to +150°C 
Operating Junction Temperature Ranges 
BATBLOOC (Commercial) O°C to +150°C VEDER INCOR oT 


BLATBLOOV (Vehicular-Automotive) -40°C to +180°C 
Lead Temperatures 
Metal Can (Soldering, 60 s) 


Moided TO-92 (Soldering, 10 s} 


OUTPUT 
VOLTAGE 
2.6V 
5.0 V 
6.2V 
8.2V 
9.0V 
12V 
18 V 
18V 
24VvV 


TYPE 


puA7BL26AC 
pA7T8LOSAC 
uATBLE2ZAC 
pA78L82AC 
pA7BLO9AC 
pA78L12AC 
pA7BL15AC 
pA7BL18AC 
pAT8L24AC 


PART NO. 


pA78L26AWC 
pA7BLOS5AWC 
pA78L62AWC 
pvA78LB82AWC 
pA7TBLOSAWC 
pA78L12AWC 
pA78L1SAWC 
pA78L18AWC 
pA7BL24AWC 


300°C 
260°C 


CONNECTION DIAGRAM 


ORDER INFORMATION 


TO-39 TYPE METAL CAN 


(TOP ViEW) ore 


VOLTAGE 


TYPE 


PART NO. 


o ° 


Ne 
INPUT COMMON 


(1) OUTPUT {3) 
(2) 


a 


2.6V 
5.0V 
6.2V 
8.2V 
9.0V 
12V 
15V 
18V 
24V 


pA78L26AC 
pATBLOSAC 
pA78L62AC 


pAT8L82AC 
uATBLOSAC 
BA78L12AC 
vATBLI5AC 
HATBLIBAC 
uATBL2Z4AC 


pA7TBL26AHC 
pA7BLOSAHC 
HATBL62AHC 
pA7TBL8E2AHC 
pA7BLOSAHC 
pA7B8L12AHC 
pAT8L15AHC 
pA78L18AHC 
pAT8L24AHC 





2.6V 
5.0V 
6.2V 
8.2V 
9.0V 
12V 
1s Vv 
18V 


uATBLZ6AV 
vHATBSLOSAV 
uATBLEZAV 
pATBLE2AV 
vATBLOSAV 
uHATBELI2ZAV 
pATBLISAV 
vATBLIBAV 
uATBLZ4AV 


pAT8L26AWV 
pATBLOSAWV 
pATBLE2AWV 
puA7BLE2AWV 
yATSLOSAWV 
pAT8L12AWV 
pATBELISAWV 
pA78LISAWV 
pATBL24AWV 





*Ptanar is a patented Fairchitd process. 
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pA78L26AC and pA78L26AV (Note 2) 


ELECTRICAL CHARACTERISTICS: Vij, =9.0 V, IouT = 40 mA, O'C’< Ty < 125°C, Ciy = 0.33 uF, CouT = 0.1 uF, unless otherwise 


CHARACTERISTICS 


Output Voltage 


Line Regulation 
Load Regulation 
Output Voltage 
Quiescent Current 


Quiescent Current Change 


Output Noise Voltage 

Temp. Coef. of VoUT 

Ripple Rejection 

Dropout Voitage 

Peak Outpit/Short Circuit Current 


specified. Note 1 
CONDITIONS 


= 
z 


Y 
Ty=25°C 


Ty=25°C 
Ty = 25°C 


4.75V <Vin <20V 


Ty=25°C 

Tj= 125°C 

5V<Vin <20V 

1mA< louT <40mA 

Ta = 25°C, 10 Hz < f < 100 kHz 

louT =5mA 
f=120Hz,6V <Vin <16V,Ty=25°C 
‘Ty = 25°C 

Ty = 25°C 


a 


ae - 
wl vu 


MA7BLOSAC and pA78LOSAV (Note 2) 


UNITS 


ELECTRICAL CHARACTERISTICS: Vij = 10 V, IquT = 40 mA, 0°C < Ty < 125°C, Ciy = 0.33 uF, Court = 0.1 uF, unless otherwise 


CHARACTERISTICS 


Output Voltage 


Line Regulation 
Load Regulation 
Output Voltage 
Quiescent Current 


Quiescent Current Change 


Output Noise Voltage 
Temp. Coef. of VoUT 
Ripple Rejection 
Dropout Voltage 


Peak Output/Short Circuit Current 


specified. Note 1 
CONDITIONS 


Ty=25°C 


Ty=25°C 
BV <Vin <20V 


1mMA < IguT < 100 mA 
TMA<IouT<40mA | | 


1mA < IouT < 40 mA 
1 mA < IouT < 70 mA 


| 48 
vevnevov | 
sl 
i 


Tj=25°C 


7V <Vin < 20V 


Ty= 25°C 

Ty= 125°C 

8V< Vin <20V 

tmA < loyT < 40 mA 

Ta = 25°C, 10 Hz < f < 100 kHz 
louT =5 mA 

f= 120Hz,8V <Viy < 18V, Ty =25°C 
Ty = 25°C 

Ty = 25°C 


-_ 
~ 
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UNITS 
Vv 





FAIRCHILD ° ,A78L00 SERIES 


BATBL62AC and pA78L62AV (Note 2) 


ELECTRICAL CHARACTERISTICS: Vj = 12 V, IoyT = 40 mA, 0°C < Tj < 125°C, Cipx = 0.33 HF, CouT = 0.1 uF, unless otherwise 


specified. Note 1 
CHARACTERISTICS _CONDITIONS AX 


Output Voltage Ty=25°C 


85V < Vin < 20V 
9V<Vin <20V 

1 mA < IoUT < 100 mA 
1 mA < loyT < 40m 

1 mA < IQuT < 40 mA 
1 mA < louT = 70 mA 


= 
o 


Line Regulation Ty= 25°C 


Load Regulation Ty=25°C 


Output Voltage — 85V<Vin <20V 


Tjy=25°C 
Ty = 125°C 
9.0V < Vin < 20V 
with load 1 mA < IguT < 40 mA 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Temp. Coef. of VouT louT =5mA 
Ripple Rejection f = 120 Hz, 10 V < Viq < 20 V, Ty = 25°C 
Dropout Voltage Ty = 25°C 


Quiescent Current 


Quiescent Current Change 


| 
° 
~ 
oi 


E 


Peak Output/Short Circuit Current Ty = 28°C 


BAT8BL82AC and pA78L82AV (Note 2) 


UNITS 
Vv 


ELECTRICAL CHARACTERISTICS: Vinx = 14 V, IouT = 40 mA, 0°C < Ty < 125°C, Ciy = 0.33 uF, Coyt = 0.1 uF, unless otherwise 


specified. Note 1 


CHARACTERISTICS CONDITIONS TY MAX 


Output Voltage Tyj=25°C 

11V< Vin < 23 V 

12V < Vin < 23 V 

1 mA < louT < 100 mA 
1mA < louT < 40 mA 
1 mA < IguT < 40 mA 
1mA < tout < 70 mA 


Line Regulation Ty=28°C 


~J 
o 


Load Regulation Ty= 25°C 


Output Voltage 11V <Vin <23V 


wi] 
= 4 Ww 


Ty = 258°C 

Ty = 125°C 

12V <Vin <23V 

1 mA < lout < 40 mA 


Quiescent Current 


Quiescent Current Change ee 


with load 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Temp. Coef. of VouT lout =5 mA 
Ripple Rejection f = 120 Hz, 12 V < Vin < 22 V, Ty = 25°C 
Dropout Voltage Ty = 25°C 
Peak Output/Short Circuit Current Tj = 25°C 


~l 


75 


UNITS 
Vv 
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BATBLO9AC and pA78LOQAV (Note 2) 


ELECTRICAL CHARACTERISTICS: Vin = 15 V, IquT = 40 mA, 0O°C < Ty < 125°C, Cy = 0.33 nF, Court = 0.1 uF, untess otherwise 


specified. Note 1 


CHARACTERISTICS CONDITIONS 


Output Voltage Ty= 25°C 8.64 
11.5V<Vin<2av 
lea Hamlets 1)=25°C 
3V< Vy] N <= 24V 
1mA < loyy < 100 mA 
Load Regulation Ty= 28°C mAs ours en 
1mA < lout = 40 mA 
1mA < loyy < 40 mA 
Output Voltage 11.5V < Vin <24V ek 
tmA < lout < 70mA 


TY 


. J 


bg Ty= 26°C 
Quiescent Current « J = 
Ty= 125°C 


11.5 V < Vin < 24V 


Quiescent Current Change 1 mA <Igyt <40mA 

Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 

Temp. Coef. of Vout louT =5mA 

Ripple Rejection f = 120 Hz, 15 V < Vin < 25 V, Ty = 25°C 
Dropout Voltage Ty=25°C 

Peak Output/Short Circuit Current Ty = 25°C 


- 
~ 


BA78L12AC and uwA78L12AV (Note 2) 


UNITS 
Vv 


ELECTRICAL CHARACTERISTICS: Vin = 19 V, IouT = 40 mA, OC < Ty < 128°C, Cy = 0.33 uF, Cout = 0.1. uF, uniess otherwise 
specified. Note 1 


CHARACTERISTICS CONDITIONS 


Output Voltage Ty= 25°C 

14.5V< Vin <27V 
16V <Vin <27V 

t mA < louT < 100m 
1 mA < lout < 40 mA 
1 mA < louT < 40 mA 
1 mA < lout < 70 mA 


Line Regulation Ty=28°C 
Load Regulation Ty = 25°C 


Output Voltage 14.5V <Vjiy <27V 


Ty= 25°C 
Ty = 128°C 
16V <Vipn < 27V 
with toad 1mA < lout <40mA 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Temp. Coef. of VouT lout =5mA 
Ripple Rejection f = 120 Hz, 15 V < Vi < 25 V, Ty = 25°C 
Dropout Voltage Ty = 25°C 


Peak Output/Short Circuit Current Ty = 26°C 


Quiescent Current 


Quiescent Current Change 


ir 


~J 


LAUT RET TE 
leet {Ut | ae 


74 


UNITS 
Vv 
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BA78L15AC and pA78L15AV (Note 2) 


ELECTRICAL CHARACTERISTICS: Vin = 23 V, IoUuT = 40 mA, OoCc<Ty< 125°C, Cyy = 0.33 uF, CoyTt = 0.1 uF, uniess otherwise 
specified. Note 14 


UNITS 


Vv 
mV 


. CHARACTERISTICS CONDITIONS 


Output Voitage Ty = 25°C 
17.5 V <Vjn < 90V 
i lati Ty = 25° 
Line Regulation J ae 20 V < Vin <30V 
1mA<} < 100 mA 
Ty = 25°C at 
1mA < iouT < 40 MA 


1 mA < lout < 40 mA 
17.5 V < Vin <30V 
1 mA < lout < 70 mA 


Load Regutation 


~ 
a 
3 

< 


16.78 Vv 


t Volt 
Output Voltage 15.75 Vv 


Dropout Voltage Ty= 25°C 


tet 
alsfelts} || fe] | slatels [8 
> 
4 
3 
> 


« Ty=25°C 
Quiescent Current 
one? T= 125°C mA 
j with line = | 20V < Vin <30V mA 
Quiescent Current Change -— 

1 mA < IouT < 40 mA mA 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz nV 
Temp. Coef. of VOUT lout =5 mA mVP°C 
Ripple Rejection f = 120 Hz, 18.5 V < Vin < 28.5 V,Ty= 25°C dB 


Peak Output/Short Circuit Current Ty= 25°C 


pA78L18AC and pA78L18AV (Note 2) 


ELECTRICAL CHARACTERISTICS: Vij = 27 V, IouT = 40 mA, O°C < Ty < 125°C, Cy = 0.33 HF, COUT = 0.1 uF, unless otherwise 
specified. Note 1 


CHARACTERISTICS CONDITIONS TYP | MAX LIMITS 
21V<Vi,<33V mV 

Line Regulation Ty = 25°C 7) ot v eae ee 
22 V < Vin < 33 | 35 | 250 | mv 
| 30 | mV 


; ae T)=25°C 
Load Regulation yr2 1 mA < loyT <40 mA 


1mA < loyt < 40mA 
1mA « lout < 70 mA 


17.1 


Vol 1V<Vig << 33 V 
Output Voltage 2 IN 17.1 


3 

> 
A 
° 
Cc 

4 

4K 
3 
3 

> 


Peak Output/Short Circuit Current 


170 

[sas 

88 

a Ee 

7 

So re CO 
[withtine [ 21V<Vin<33V0 es ES 7 
peucicsieelbionciihs [| or [ma 
Temp. Coot. of VouT p= || avre 
Ripple Rejection ras | Oe 

ee ere 
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HA7TBL24AC and pA78L24AV (Note 2) 


ELECTRICAL CHARACTERISTICS: Viv = 33 V, lout = 40 mA, o’c < Ty < 128°C, Cixyy = 0.33 wF, Court = 0.1 uF, unless otherwise 
specified. Note 1 


CHARACTERISTICS CONDITIONS MAX | LIMITS 


Output Voltage Ty=25°C 


Vv 
27V <VIN <38V 

28 V < Vin <38V 

1 mA « lout < 100 mA 
1mA « IouT < 40 mA 
1mA < IguT < 40 mA 
1mA < louT < 70 mA 


Line Regulation Ty = 25°C 


Ty = 25°C 


Load Regulatio 3 
0a gulation T)= 25°C 


Output Voltage 27V < Vin <38V 


N 
o 
N 


Ty=25°C 
Ty = 125°C 

ith.li 28V < Vin <38V 
Quiescent Current Change a 


1mA < loyT < 40 mA 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 10 kHz (Note 2) 
Temp. Coef. of VouT louT =5SmA 

Ripple Rejection f = 120 Hz, 28V < Vin < 38V, Ty = 25°C 
Dropout Voltage Ta=25°C 

Peak Output/Short Circuit Current Ty = 25°C 

NOTES: 

1.. The maximum steady state usable output current and input voltage are very dependent on the heat sinking and/or lead length of the package. The data 


above represent pulse test conditions with junction temperatures as indicated at the initiation of tests. 
2. Vehicular product grade is guaranteed to have output voltage tolerance less than + 8% @ —40°C. 


Quiescent Current 


EQUIVALENT CIRCUIT 


(1) INPUT 
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TYPICAL ELECTRICAL PERFORMANCE CURVES 


QUIESCENT CURRENT QUIESCENT CURRENT | DROPOUT VOLTAGE 
AS A FUNCTION AS A FUNCTION AS A FUNCTION OF 


OF INPUT VOLTAGE | OF TEMPERATURE _ JUNCTION TEMPERATURE 











icetonn HHA rt 


QUIESCENT CURRENT—mA 
~ 
o 
a 
QUIESCENT CURRENT—mA 





INPUT-OUTPUT DIFFERENTIAL~V¥ 





INPUT VOLTAGE - V¥ AMBIENT TEMPERATURE-°C JUNCTION TEMPE RATURE-°C 


LINE TRANSIENT 
,PROPOUT CHARACTERISTICS RESPONSE 













Beane: a G6 = 
7BL05 
ed ig ee Ze INPUT VOLTAGE Hee] > 
7 SERELaE DD eee 
mMEaSeS tee ae 2 Eases 
- |i tli ware i eee eee 
ee Gh | Seis Hee lole e 
is | | | | ZA T L < | { [ ¥ OUTPUT VOLTAGE |_| ~ 
z Y 2 Py LRG DEVIATION a 
3 pers | aa ae ey 
° 20 tour = 40mA_t f 2 ae a0 
Nit ttt Gy telat) ae ale alee 7 
aan lout = 100 mA (RESISTIVE LOAD} B 
0 Bo - 


° REAP Gn a 
0 2.0 4.0 &. Alt) 


INPUT VOLTAGE - V TIME — ys 





Vout =5¥ 
2 


RIPPLE REJECTION 


LOAD TRANSIENT 
RESPONSE 


0S 
aEe LOAD CURRENT. | ie 


OUTPUT VOLTAGE DEVIATION—V 


a 
Cys OE ES 
i a EE 
10 


TIME—ps 


NOTE: Other tA78L00 Series Device have similar curves. . 


LOAD CURRENT — mA 
{RESISTIVE LGAO) 


RIPPLE REJECTION - dB 





AS A FUNCTION OF 
FREQUENCY 


Bata SILSEtIRAts 
tt joe 

cS 
Vin =8V 10 18V OTE 
















FREQUENCY — Hz 
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APPLICATIONS 





INPUT O O OUTPUT 


Note 1 
#A78L00 7 


2 








NOTES: 
1 To specify an output voltage, substitute voltage vaiue for “’XX*’. 








2 Although no output capacitor is needed for stability, it does im- For Ineg * 23 mA 
prove transient response, 
3 Required if regulator isiocated an appreciable distance from power ‘REG =_0.7 loi = BlrRec 
supply filter. Rt 
‘FIXED OUTPUT REGULATOR HIGH CURRENT VOLTAGE REGULATOR 






O1.F 


=- 






0.7 8VBE (a2) 
Rsc —— Ri= APRESS Ee REE 
sc RI(MAX)(8+1)— foUTIMAX) 








HIGH OUTPUT CURRENT, 
SHORT CERCUIT PROTECTED 





NEGATIVE OUTPUT VOLTAGE CIRCUIT 





For Symmetrical Outputs Ry = Ro 
Hout > 100 mA 
-louTt > 250 mA 







DUAL TRACKING SUPPLY USING A 
78L00 REGULATOR WITH A POWER OP AMP 







.POSITIVE AND NEGATIVE REGULATOR 
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DESIGN CONSIDERATIONS 


FAIRCHILD © »A78L00 SERIES 


The wA78L series regulators have thermal overload protection from excessive power, internal short circuit protection which limits each circuit's 
maximum current, and output transistor safe area protection for reducing the output current as the voltage across each pass transistor 


is increased. 


Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature (128°C) 
in order to meet data sheet specifications. To calculate the maximum junction temperature or heat sink required, the following thermal resist- 


ance values should be used: 


TO-39 
WORST CASE POWER 
DISSIPATION VERSUS 
AMBIENT TEMPERATURE 


POWER DISSIPATION. — W 


a ae ec OE 
OOS ANG 


es CCEA 


AMBIENT TEMPERATURE — °C 


THERMAL CONSIDERATIONS 


The TO-92 molded package manufactured by Fairchild is capable of 
unusually high power dissipation due to the lead frame design. 
However, its thermal capabilities are generally overiooked because 
of a tack of understanding of the thermal paths from the semi- 
conductor junction to ambient temperature. While thermal resist- 
ance is normally specified for the device mounted 1 cm above an 
infinite heat sink, very little has been mentioned of the options 
available to improve on the conservatively rated thermal capability. 


An explanation of the thermal paths of the TO-92 and comparison 
of the thermal equivalent circuit of the TO-39 metal package with 
that of the TO-92 will allow the designer to determine the thermal 
stress he is applying in any given application. 


THE METAL CAN THERMAL MODEL 


In the TO-39 case, where the die is attached directly to the base of a 
metal package, the thermal equivalent circuit is often represented 
simply as a series connection of the junction-to-case thermal 
resistance, 6 jc, and the case-to-ambient thermal resistance, OCA, as 
shown in Figure 1. 


In this model, the current source represents the thermal energy 
source; Ty is the junction temperature, assuming a constant surface 
ternperature across the die; @jc is the junction-to-case thermal 
resistance, measured at a point on the case directly beneath the die 
iocation; 6c, is the thermal resistance from the case to the ultimate 

_ heat sink, ambient temperature, as represented by the battery. The 
heat flow is analogous to electrical current, and temperature to 
voltage. The tota! thermal resistance from junction to ambient is 
then: : 


TO-92 
WORST CASE POWER 
DISSIPATION VERSUS 
AMBIENT TEMPERATURE 











FROM PC BOARD, 
' FREE AIR 


AVEAAGE POWER DISSIPATION ~- W 


AMBIENT TEMPERATURE — C 


jn =9IC+ OCA 


The maximum power dissipation is a function of the meximum 


permissible junction temperature (which is a function of the 


Package materials and construction) and the total thermal resistance 
from the junction to ambient -temperature. Junction temperature is 
assumed to be the limiting factor. 


Ty(MAX) — TA 


Thus: maximum power dissipation Pp = 
830+ OCA 


Since OjA = 830+ OCA 


_ TstMAx) ~ TA 


Then OA 
Pp 
Or Oya Pp = Ty-—Ta 
Ty-Ta 
PD SE 
OIA 


Therefore, using the Vge method of junction temperature sensing, 
and attaching a thermocouple to the case at the location specified, 
the relative values of 6 jc and 6c, can readily be determined. 


The thermal ratings of the metal can package are normally presented 
with the case attached to an infinite heat sink at still air ambient 
temperature. This causes Ca to go to zero resulting in @ yc repre- 
senting the total @ya. The infinite heat sink is an unrealizabie 
condition in the practical world, but serves to project a goal. 
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THE TO-92 PACKAGE 


The FO-92 package thermal paths are considerably more complex 
than those of the TO-39 metal can package. In addition to the path 
through the motding compound to ambient temperature, there is 
another path through the leads, in parallel with tr> case path, to 
ambient temperature, as shown in Figure 2. 


The total thermal resistance in this model is then: 


(930 + 6ca) (6JL + OLA) 
OA a {3} 
OIC+OCAtT+ OIL + OLA 


6 jc =therma! resistance of the case between the 
regulator die and a point on the case directly above 
the die location. 


86ca =thermal resistance between the case and air at 
ambient temperature. 


6 Jj, = thermal resistance from transistor die through the 
collector lead to a point 1/16" below the regulator 
case. 


6,.a =total thermal resistance of the coilector-base- 
emitter leads to ambient temperature. 


@ JA = junction to ambient thermal resistance. 


As one can see from Figure 1, the meta! can package generally does 
not have “the lead cooling path because of the high thermal 


Ty 


Pe (WATTS) 


Ta 
! 


THERMAL EQUIVALENT CIRCUIT TO-39 PACKAGE 
(DIE ATTACHED TO METAL PACKAGE BASE) 
Fig. 1 


METHODS OF HEAT SINKING 


With two external thermal resistances in each leg of a parallel 
network available to the circuit designer as variables, he can choose 
the method of heat sinking most applicable to his particular 
situation. To demonstrate, consider the effect of placing a small 
72°C/W flag type heat sink, such as the Staver F1-7D-2, on the 
78LXX molded case. The heat sink effectively replaces the @ca 
{Figure 2) and the new thermal resistance, 0’ j,, is: 


6" 3a = 145°C/W (assuming .125 inch lead length) 


The net change of 15°C/W increases the allowable power dissipation 
to 0.86W with an inserted cost of 1-2 cents. A still further decrease 
in @ja could be achieved by using a sink rated at 46°C/W, such as 
the Staver FS-7A. Also, if the case sinking does not provide an 
adequate reduction in total @ja, the other external thermai resist- 
ance, @L A, may be reduced by shortening the lead length from 
package base to mounting medium. However, one point must be 
kept in mind. The lead thermal path includes a thermal resistance, 
@saA, from the leads at the mounting point to ambient, that is, the 


resistances resulting from the construction of the header, case and 
leads. Normaliy, this material is kovar. Now, 6 yc and @ 45, are within 


"> the package and not variable by the user. However, 9c, and 0, a 


are outside the package and can be effectively used to control the 
total thermal resistance and, therefore, junction temperature. 


Replacing 6 ya of equation (1) with @ya of equation (3) gives: 


(9jc+ Oca) (65L+ OLA) Ty-—Ta 
894 = Ft {4) 


GJIC t+ OCAt+ OIL t+OLA Pp 


The maximum Ty allowed in equation (4) is 150°C. The maximum 
power dissipation is determined by the net total thermal resistance 
6 ja, the parallel equivalent networks of the case series path and 
lead series path, divided into the difference of the maximum 
junction temperature, 150°C, and ambient temperature generally 
specified as 25°C, In the case of the 78LXX, the maximum 
dissipation in a .4 inch condition is: 


150—25 


GA 
Pp = 0.7W 


, 85a = 180°C/W 


{f lead length is reduced to .125 inch @ya becomes 160°C, and 
PD(MAX) = 0.78 W. 


Ty 


Pe (WATTS) 


TO-92 THERMAL EQUIVALENT CIRCUIT 
Fig. 2 


mounting medium. @_ 4 is then equal to 6,5 + ga. The new model 
is shown in Figure 3. 


in the case of a socket, ga could be as high as 270°C/W, thus 
causing a net increase in @jq and a consequent decrease in the 
maximum dissipation capability. Shortening the lead length may 
return the net 6 ja to the original value, but lead sinking would not 
be accomplished. 


In those cases where the regulator is inserted into a copper clad 
printed circuit board, it is advantageous to have a maximum area of 
copper at the entry points of the leads. While it would be desirable: 
to rigorously define the effect of PC board copper, the reai world 
variables are too great to allow anything more than a few general 
observations. 


The best analogy for PC board copper is to compare it with parallel 
resistors. Beyond some point, additional resistors are not 
significantly effective; beyond some point, additional copper area is 
not effective. 


Pe (WATTS) 


TO-92 THERMAL EQUIVALENT CIRCUIT 
(LEAD AT OTHER THAN AMBIENT TEMPERATURE) 


Fig. 3 
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HIGH DISSIPATION APPLICATIONS 





When it is necessary, to operate a zA78LO00 regulator with a large 
input-output differential voltage, the addition of series resistor R1 
will extend the output current range of the device by sharing the 
total power dissipation between At and the regulator. 


R1 may be calculated from 


Ry = VIN(MIN)~ Vout — 2.0 V 


IL(MAX) + !a 


where !¢ is the regulator quiescent current. 


Regulator power dissipation at maximum input voltage and 


maximum toad current is now 
Po(MAX) = (V4 — Vout? IL(MAx) + V1 ta 
where 


V4 = ViIn(MAX) — (IL(MAX) + Iq) R1 


The presence of R1 will affect load regulation according to the 
equation: 
load regulation (at constant V}j) = load regulation (at constant V4) 
+ (line regulation, mV per V) x 
(R1) x (Alc). 
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As an example, consider a 15 V regulator with a supply voltage of 
30 +5 V, required to supply a maximum load current of 30 mA. Io 
is 4.3 mA, and minimum load current is to be 10 mA. ; 


25 —-15—2 8 
R11 = —————- = -—_ = 
30 + 4.3 


V1 = 35 — (30 + 4.3).24 = 35 —8.2= 26.8 V 
Pp(MAx)= (26.8 — 15) 30 + 26.8 (4.3) 


= 354+115 


= 470 mW, which will permit operation up to 
70°C in most applications. 





Line regulation of this circuit is typically 110 mV for an input range 
of 25-35 V at a constant Joad current, i.e. 11 mV/V. 


Load regulation constant V7 load regulation (typically 10 mV, 


10-30 mA I) 
+ (11 mV/V) x 0.24 x 20 mA (typically 53 mV) 


= 63 mV for a load current change of 20 mA ata 
constant Vij of 30 V. 


HA78COO SERIES 


3-TERMINAL POSITIVE VOLTAGE REGULATORS 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


DESCRIPTION — The »A78CO00 series is a 3-terminal positive voltage regulator cap- 
able of delivering 500mA of output current. It is similar in performance to the popular 
#A78MO0 series but has a zener reference as opposed to a band gap reference. Because 
of this the 1A78C00 has a noise level higher than that of the .A78MO0 and is not 
available in the 5 V and 6 V options. 


The »A78C00 employs internal current limiting, thermal shut-down, and safe area 
compensation that make the part virtually indestructable. 


The zA78C00 is intended for use in the low cost consumer applications such as T.V., 
Stereo, etc. and is offered in the plastic Power Watt (similar to TO-202)package. 


The fixed voltage series designated 78C00 is available in 10 options form 8-24 V and is 
capable of delivering 500 mA. 


A 0.33 uF decoupling capacitor should be used at the input pin. a 0.1 »F capacitor at the 
output pin will improve the transient response. 


® OUTPUT CURRENT IN EXCESS OF 0.5 A 

@ EXCELLENT TRANSIENT RESPONSE 

© 1/2% LOAD AND LINE REGULATION 

@ MAX DROPOUT VOLTAGE 2.5 V 

® THERMAL OVERLOAD PROTECTION 

© OUTPUT TRANSISTOR SAFE AREA PROTECTION 
@ INTERNAL SHORT CIRCUIT CURRENT LIMIT 

© LOW OUTPUT IMPEDANCE 


ABSOLUTE MAXIMUM RATINGS 


input Voltage 

(Vo 8 V thru 18 V) 35 V 

(Vo 20 V thru 24 V) 40 V 
internal Power Dissipation internally Limited 
Operating Temperature Range O°C to +125°C 
Maximum Junction Temperature +150°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 10 s) 230°C 
Maximum Power Dissipation (Pp) 75W 
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CONNECTION DIAGRAMS 


Out 
(3 


ORDER INFORMATION 


OUTPUT TYPE 
VOLTAGE 


8.0V »A78C08C 

8.2V pA78C82C 
10.0V »A78C10C 
12.0V »A78C12C 
15.0 V wA78C15C 
17.0V pA78C17C 
18.0 V p»A78C18C 
20.0V »A78C20C 
22.0V »wA78C22C 
24.0V »A78C24C 


PART NO.* 


pA7BCOBUIC © 


pA78CB2UIC 
nA78C10U1C 
#A78C12U1C 
nA7TBCISUIC 
BATBCT7UIC 
uATB8C18UI1C 
pA7EC20UIC 
uA78C22U1C 
pATBC24UIC 





*or U2C for stratight heatsink — 
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ELECTRICAL CHARACTERISTICS: ig = 350 mA, O°C < Ty < 125°C, Cy = 0.3 uF, Co = 0.1 “F, Vin = Vo + 5 V unless otherwise 
specified (Note 1) 


SYMBOL | CHARACTERISTICS CONDITIONS 


Output Voltage 5 MA Slo < 350 mA 
25V<Vin- Vo S15 V 
(Vin Max = 35 V) 


UNITS 


< 


< 


Ty = 25°C, Vin = 11-21 V 
Vin = 12 -22 V 


Ty = 25°C, 
Load Regulation J = 25°C, 5 mA < Ig < 500 mA 
- | Ty = 25°C, 100 mA < 19 < 300 mA 


Quiescent Current 3VSVin-Vo S13 V 


Line Regulation 


~ [™ 
3 o ~J 
“ot 
@ © 


tele | isl | | | lei 


Change - 15 mA to 500 mA 


Output Noise Voltage {Ty = 25°C, 10 Hz <f < 100 kHz 
’ aes Ty = 25°C, 3V < Vin -VoS 13 V 
Ripple Rejection (Vin Max = 39 V), f = 120 Hz 
VIN - Vo | Dropout Voitage Ty = 25°C, Note 3 


isc Short Circuit Current Ty = 25°C, Vin= 35 V, Note 2 
Io Max Peak Output Current Ty= 25°C, Vin -Vo=8V 


4Vo Avg. Temp. Coefficient 
AT of Output Voltage 


con’) | 


Output Voltage 5 mA Slo < 350 mA 
25V< Vin -Vo S15 V 
(Vin Max = 35 V) 


seis) [els | le} | | lee 


Ty = 25°C, Vin = 13 -23 V 
Vin = 15 -25 V 


. Ty = 25°C, 5 mA < Ig < 500 mA 
Load Regulation 
Ty = 28°C, 100 mA < 1g < 300 mA 


Quiescent Current Ty = 25°C, ig = 0 


Quiescent Current 3V<VIN-Vo S13 V 
Change 5 mA to 500 mA 


Qutput Noise Voltage | Ty = 25°C, 10 Hz <f < 100 kHz 
AVN . ote Ty = 25°C, 3V < Vin- Vo< 13: V 
AVo Ripple Rejection (Vin, Max = 39 V), # = 120 Hz 
Vin - Vo | Dropout Voltage Ty = 25°C, Note 3 


Isc Ty = 25°C, Vin = 35 V, Note 2 
Ip Max Peak Output Current Ty = 25°C, Vin - Vo =8V 


AVO Avg. Temp. Coefficient 
AT of Output Voltage 


NOTES’ 

1. Alt characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%}. 
Output voltage changes due to changes in internal temperature must be taken into account separately. 

2. Refer to peak output current vs A(Viy — VQutT) curves for temperature relationships. 

3. Dropout voltage is defined as that input-output voltage differential which causes the output voltage to decrease by 5% of its initial value. 


Line Regulation 
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a 





ELECTRICAL CHARACTERISTICS: Ig = 350 mA, 0°C < Ty & 125°C, Cy = 0.3 uF, Co = 0.1 uF, Vin =VO+5V unless otherwise 
specified (Note 1) 












SYMBOL | CHARACTERISTICS 


















4 15V 17V 
Tazo SS~*diaa | as fis fro | vzfina fina | se hier |v 
Vo Output Voitage 5 MA S Ig S 350 MA 
(Vin, Max = 39 V) 
ees TT") [del fe 
AVo Line Regulation VIN = 21-31 V mV 
VIN = 22-32 V 
vo lisoanoguenn [U=2°Sma<io<s0oma | | [rsol | [rol | | v00 [aw 
 _[ru=2s°e, 100 ma<ig<soomal | | 7] | | | [|_| 90 | aw 
@_[Ouesentcuvent [ty=2ecig=0 | _|28| 60] | 2s[ eo] | 28] 60] ma 
aig | ouesooncuren [aVevw-voxrsv | | | os] | [os] | eal ma 
o [soe smaws0oma——+| | fos} | |os{ | [os | ma 
en [Output Noise Vorogo|Ty = 25°C TO <= TOOMe | _fovs| | [ooo] | [aol [ww 
af [renee fozewarae™ fal-[ [ele] [ele] To 
melon force | fal | fol | [a] 
6 _| Sow Grout Curent |Tg= 25°C Vn=35V.New? | [ooo] | [ooo] | [oo] | wa 
imax [Peak ouput orem [ty=25°0 vw -vo-8v | _[v0| | [v0] | [vo] | a 
are _|otthnmne| | eo] | Fe] | fee] fv 
utput Voltage 
| Tu=z—~—S~S~*is | ao foe fav | aa [zn | za] a] 8 |v 
Vo Output Voltage 5 mA < Ig < 350 mA jm] | afioe] fase | fae 
25VSVIN- Vo S15 V 22.8 Vv 
(Vin Max = 39 V) 
eae eee dd 
AVo Line Regulation VIN = 26-36 V mv 
Vin = 28-38 V 
sve lunsameguansy [U=2RE5mA<ig<500ma | | faoof | [amo] | [ao | av 
Ty =25°6, 100 ma<ig<s00mal | [vo] | [uo] | [i20| aw 
io Ourcencunent [ty=25%19=0 | [28] 60] [28] «0[ | 28] 60| ma 
Al Quiescent Current |3VSVin~ VO S13 V | | fost) ff ost [fos] mA 
0 | cree smaws0oma | | |os| | [os] | fos | ma 
T= 26% tonecre room | [sol | _|esof | [ool | w 
ee COSC 
valorem TT feel | fe] | foo 
sc _—_| Shon Grout Curent |Ty= 26°C vn=96v now? | [woo] | aco] | _|aoo] | ma 
ioMex_| Peak Ouwur Curent [Ty=25°C vn=vor=8v | [10] | [v0] | ]r0] | a 
ge event] Pel el eps 
AT ent of Output Voltage 







NOTES: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tyy < 10 ms, duty cycle < 5%). 
Output voitage changes due to changes in internal temperature must be taken into account separately. 
2. Refer to peak output current vs A(Vjxj — Vout) curves for temperature relationships. 
; 3. Dropout voltage is defined as that input-output voltage differential which causes the output voltage to decrease by 5% of its initial value. 
é 
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FAIRCHILD ¢ »A78C00 SERIES 


ELECTRICAL PERFORMANCE CURVES 


PEAK OUTPUT CURRENT AS A OUTPUT VOLTAGE 
FUNCTION OF INPUT-OUTPUT RIPPLE REJECTION AS A AS A FUNCTION OF 
DIFFERENTIAL VOLTAGE FUNCTION OF FREQUENCY JUNCTION TEMPERATURE 


VIN = 18-28 V PT tT] Et tb vin ~ gy 
ae ‘ce sa Bi BATBC12 ‘ 
biogeel i 


RIPPLE REJECTION — d8& 
OUTPUT VOLTAGE - V 


OUTPUT CURRENT - A 


|| 
5 
ee 
el 
~ 
we 
na 
al 
i 
a 


= 
a 
a 
a 
pe 
iz 


a 
26 75 


INPUT-OUTPUT DIFFERENTIAL — V FREQUENCY — Hz JUNCTION TEMPERATURE — °C 


LOAD TRANSIENT RESPONSE LINE TRANSIENT RESPONSE 
600 


PTET LT ee 
[CL Prisab ctnnenr VieetsaT 
oe eee 

es 


OUTPUT VOLTAGE 
| [  pevation || 


ie aa 
SER EERRESRYER 

BRRSREL SE 
Vana Eeas 


oui 

DEVIATION 
Ty 

tour 200ma_| |_| 


LOAD CURRENT ~- mA 


OUTPUT VOLTAGE DEVIATION — mV 
OUTPUT VOLTAGE DEVIATION - mV 


Fe a | 

DO GO| 

Ae ee eee 
INPUT VOLTAGE - V 


QUIESCENT CURRENT 
QUIESCENT CURRENT AS A AS A FUNCTION OF 
FUNCTION OF INPUT VOLTAGE JUNCTION TEMPERATURE 


Ty = 26°C 
pA7B8COB 


QUIESCENT CURRENT -— mA 
QUIESCENT CURRENT — mA 


INPUT VOLTAGE - V JUNCTION TEMPERATURE — °C 
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4uA78C00 FIXED VOLTAGE VOLTAGE REGULATOR 
Figure 1 shows the equivalent circuit of the zA78CO0 regulator. The reference is derived from Zener diode D1 and com- 
pensated by the base-emitter voltage of the error amplifier Q4. Additional gain is provided by Q7 and Q8 to the Darling- 
ton-connected emitter-follower output stage of Q10 and Q11. The output stage is compensated by capacitor C1. A positive 
‘Start-up condition is ensured by FET transistor Q1 to provide base current to transistors Q2 and Q5. Q2, OS and O6 then 
form a@ positive feedback loop which raises the base voltage of Q2 until! the reference Zener D1 conducts. Thermal! overload 
protection is achieved by transistor Q3. The bias to the base-emitter voltage of Q3 is derived from D1 via Q2 and the divid- 
er network of R1 and R2. At high junction temperatures, Q3 turns on and removes the drive to the output stage. Current- 
limit transistor Q9 protects the device against accidental shorts by sensing the voltage drop across R7 while Zener diode 
D2 along with O9 and resistors R5, R6 and R7 limit the power dissipation to a safe value. 














O INPUT {1) 





O OUTPUT (2) 





O COMMON (3) 










SCHEMATIC DIAGRAM 
FIXED VOLTAGE 3-TERMINAL VOLTAGE REGULATOR 







TEST CIRCUITS 





2N6121 
OR EQu. 








LOAD REGULATION TEST CIRCUIT : DC PARAMETER TEST CIRCUIT 
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DESIGN CONSIDERATIONS 

The #A78CO0 fixed voltage regulator series has thermal overload protection from excessive power, internal short circuit 
protection which limits the circuit's maximum current, and output transistor safe area compensation for reducing the out- 
put short circuit current as the voltage across the pass transistor is increased. 


Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified 
temperature (125°C) in order to meet data sheet specifications. To calculate the maximum junction temperature or heat 
, Sink required, the folowing thermal resistance values should be used: 


et 








PACKAGE TyP MAX TYP MAX 
- 8 IC 9JC OA 9A 
Power Watt 6.0 8.0 75 80 





TJ(MAX) ~ TA. , TS(MAX) —~TA 


Pp 
mE jc + 8ca BJA 


(Without a heat sink) 


- CA = 8cs + OSA 


Solving for Ty: Ty = Ta + Pp (@Jc + 8ca) or Ta + Pp 8jaA (Without heat sink) 


Where: 
Ty = Junction Temperature 8jc = Junction to case thermal resistance 
Ta = Ambient Temperature 8cA = Case to ambient thermal resistance 
Pp = Power Dissipation 8cs = Case to heat sink thermal resistance 
8434 = Junction to ambient thermal resistance @SA = Heat sink to ambient thermal resistance 
WORST CASE POWER DISSIPATION TYPICAL POWER DISSIPATION 
enone AMBIENT TEMPERATURE veces AMBIENT TEMPERATURE 
= z 
{ } 
S o, S 
- E 
¢ Dk NA : 
a ». r N a 
S INN 
Pa Poymax) = 7.5 W IN 2 Poimax = 7.5 W 
NC i bic = 6°C/W 
5 = Osa = 7S°C/W 
3 ° 
a a 


cS 
CHEER 


AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 
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TYPICAL APPLICATIONS 


In many n»A78C00 applications, compensation capacitors may not be required. However, for stable operation of the regu- 
lator over ail input voltage and output current ranges, bypassing of the input and output (0.33 uF and 0.1 uF, respectively )is 
recommended. tnput bypassing is necessary if the regulator is located far from the filter capacitor of the power supply. 


Bypassing the output will improve the transient response of the regulator. 


HIGH CURRENT VOLTAGE REGULATOR 


FIXED OUTPUT REGULATOR 


“a1 
2N3789 









O OUTPUT 
—_—_ 
lout (MAX) 


- 


pA78COO 





Vpe(Qi) BVBeEfQ1) 
1 SC _ 
- IREG IREQ(MAX) (8 + 1) — OUT(MAX) 
lout 
8a1> —— 
IREG 


HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED 


NEGATIVE OUTPUT VOLTAGE CIRCUIT 





BVpE(O1) 





1 = 
IREQ(MAX) (8 + 1) — }OUT(MAX) 
Vee(Q1) 


Rsc a , 
lOUT(MAX) 


POSITIVE AND NEGATIVE REGULATOR 


+ TRACKING VOLTAGE REGULATOR 


+OUTPUT 
e 





POSITIVE 
OUTPUT 
VOLTAGE 


4.7k 
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TYPICAL APPLICATIONS (Cont'd) 


CURRENT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 


ae 


VouT 
Output Current = 





7-21 ss 


GENERAL DESCRIPTION — The »A78M00 series of 3-Terminal Medium Current Pésitive Voltage 
Regulators is constructed using the Fairchild Planar’ epitaxial process. These regulators employ 
internal current limiting, thermal shutdown and safe area compensation making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver in excess of 500 mA output 
current. They are intended as fixed voltage regulators in a wide range of applications including local 
or on-card regulation for elimination of noise and distribution problems associated with single point 
regulation. In addition to use as fixed voltage regulators, these devices can be used with external 


uA78MO00 SERIES 


a” 


3-TERMINAL POSITIVE VOLTAGE REGULATORS 
FAIRCHILD LINEAR INTEGRATED CIRCUITS 


components to obtain adjustable output voltages and currents. 


OUTPUT CURRENT IN EXCESS OF 0.5 A 

NO EXTERNAL COMPONENTS 

INTERNAL THERMAL OVERLOAD PROTECTION 

INTERNAL SHORT CIRCUIT CURRENT LIMITING 

OUTPUT TRANSISTOR SAFE AREA COMPENSATION 
AVAILABLE IN JEDEC TO-220 AND TO-38 PACKAGES 
OUTPUT VOLTAGES OF 5 V, 6 V, 8 V, 12 V, 15 V, 20 V and 24V 
MILITARY AND COMMERCIAL TEMPERATURE RANGE 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage 
(5 V through 15 V) 
(20 V, 24 V) 
internal Power Dissipation 
Storage Temperature Range 
TO-39 
. TO-220 and Power Tap 
Operating Junction Temperature Range 
wA7T8M00 
pA78M00C 
Lead Temperatures (Soidering, 60 s time limit) TO-39 
(Soldering, 10 s time limit) TO-220 and Power Tab 


CONNECTION DIAGRAMS 
POWER TAB PACKAGES 
(TO-202 EQUIVALENT) 


OuT 
3) 


ORDER INFORMATION 


OUTPUT 
vottace ‘YPE 


5V 


PART NO. 


pA7@M05 
pATSMO6 
pA78MO8 
pA78M12 
pAT8M15 
pA78M20 
pA7TEM24 


6v 
8v 
12¥V 
15 Vv 
20 Vv 
2av 


pA7T@M05U1C 
pAT8M06U1C 
pA7BMO8U1C 
pA76M12U1C 
pA7TBM15U1C 
pATEM20U1C 
pATBM24U1C 


*or U2C for straight heatsink 





CONNECTION DIAGRAM 
TO-39 PACKAGE 


(TOP VIEW) 


INPUT 
(1) OUTPUT 
(2) 


GROUND 
(3) 


ORDER INFORMATION 


OUTPUT 
VOLTAGE 
35 V 

40 V : 
internally Limited BY 
65°C to + 150°C wav 
-§5°C to +150°C 20 V 
24V 
-55°C to +150°C 5V 
0°C to +150°C 6V 
300°C 8v 
230°C 12Vv 
8 V 
20 V 
av 


OUTPUT 
VOLTAGE 


SV 
6Vv 
&Vv 
12 V 
158 V 
20 V 
av 


TYPE 


pATBM05 
pA76MO6 
pA78M08 
pA78M12 
pA7T8M15 


' pA7BM20 


pATEM24 

pATB8M05C 
nATSMOGC 
pA7TBMOSC 
»ATBM12C 
pATBM15C 
pAT8M20C 
pATBM24C 


TYPE 


pA7TB8MOSC 
pATBMO6C 
uA7BMOSC 
pATBM12C 
pATEM15C 
pATBM20C 
pATEM24C 


PART NO. 


pATBEMOSHM 
pA7TSMOGHM 
pATSMOSHM 
pA78M12HM 
pATOM1SHM 
pAT8M20HM 
pATSM24HM 
pA7TB8MOSHC 
nATBEMOGHC 
pATBMOBHC 
2ATSM12HC 
pA78M25HC 
pA78M20HC 
pATBEM24HC 


TO-220 PACKAGE 


ORDER INFORMATION 


PART NO. 


pATEMOSUC 
nATBMOBUC 
2AT7T8M08UC 
vATBM12UC 
pAT8M1SUC 
pATBEM20UC 
pATBEM24UC 
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pA78M05 


. ELECTRICAL CHARACTERISTICS: Vin = 10 V, IqouT = 350 mA, —55°C < Ty < 150°C, Cin = 0.33 uF, Cout = 0.1 uF, 
unless otherwise specified. 






CHARACTERISTICS CONDITIONS (Note 1) | MIN TYP MAX UNITS 
7V<Vin <25V,t = 200 mA mV 
Line Regulation Ty = 25°C IN - OUT | | 30 | 60 | 
5mA <1 < 500 mA mV 
Load Regulation Tyezc [| omASIour<s00ma | [0 Fs | 
Output Voltage 8 < Vin < 20 V,5 mA < Igut < 350 mA | 47 | [ 53a f ov 
iescent Cur a 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz FE 8 | 40 [nu /VouT 
ee 
: ass f = 120 Hz, 
Drona Vor eC 
Short Circuit Current : | f 300 | 600 mA 
Pak Ou Guren 123" oa [or [1a [A 
Average Temperature Coefficient of : setae 55°C < Ty <+28°C aes See ie. mv/°C/ 





wATBMO5C 






ELECTRICAL CHARACTERISTICS: Vin = 10 V, lout-= 350 mA, 0°C < Ty < 125°C, Cin = 9.33 nF, Cour = 0.1 uF, 
unless otherwise specified. 





CHARACTERISTICS CONDITIONS (Note 1) Poin | TYP UNITS 
Quip Vtins Pewee y 
7V < Vin <25V,1 = 200 mA mv 
Line Regutation Ty=25°C iN OUT | 3.0 | 
BV<VINS25V,IouT=200mA [| [1.0 | mv 
x 5SmA<! <= 500 mA mV 
vad teesiiecion ry=25¢ | SmAStour<s00ma TT | 
| 5 mA < loyT < 200 mA yt 20. mv 
Output Voltage . 7V < Vin < 20 V,5mMA < Igy < 350 mA | 475 | | Vv 
Quiescent Current Ty= 28°C PT a | mk 
mA 


8.V < Vin < 25 V, Iqut = 200 mA 
Quiescent Current Ch 
ss — | with load | 5 MA < Ioyy < 350 mA 


Output Noise Voitage Ta = 25°C, 10 Hz < fF < 100 KHz 






lout = 100 mA 
= 120.Hz, 


Ripple Rejection BV <Vin <18V 


lout = 300 mA, 
Ty = 25°C 
Dropout Voltage Ta = 25°C 

Short Cireuit Current Ty = 25°C, Vin = 35 Vv 
Peak Output Current Ty=25°C 


Average Temperature Coefficient of i acank 
Output Voltage ouT* om 


o 
& 
3 
> 





NOTE: 
1.. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature myst be taken into account separately. is 
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pA78M06 


ELECTRICAL CHARACTERISTICS: Vin = 11 V, IQuT = 350 mA, —55°C < Ty < 180°C, Cinq = 0.33 HF. COUT = 0.1 uF, 
unless otherwise] specified. 


CHARACTERISTICS CONDITIONS (Note 1) MAX 
Output Voltage 
8V < Vin < 25 V, louT = 200 mA 
9V <Vipn < 20V, louT = 200 mA 
5mMA < louT < 500 mA 
5 MA < igyt < 200 MA 
9V<ViIN <21V,5MA < iguTt <350mA 
= Ty= 25°C 

9 V < VIN < 25 V, IguT = 200 mA 

| with load | 5 mA < IQuT < 350 mA 
Output Noise Voltage |) Ta = 28°C, 10 Hz < f < 100 kHz 


Line Regulation 


Load Regulation Ty= 25°C 


Output Voltage 


- 


Quiescent Current 


Quiescent Current Change 


Ripple Rejection 


” 


Dropout Voltage 

Short Circuit Current 

Peak Output Current Ty= 25°C 

Average Temperature Coefficient of —§5°C < Ty <+25°C 


l =5mA 
Output Voltage OUT 425°C <Ty < 150°C 


o 
~ 


LA78MO06C 


ELECTRICAL CHARACTERISTICS: Vj = 11 V, IouT = 350 mA, 0°C < Ty < 125°C, Cyy = 0.33 HF, CouT = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1} TYP’ MAX 


Output Voltage 

8V <Vin < 25-V, louT = 200 mA 
9V < Vin < 25 V, touT = 200 MA 
5 mA < igut < 500 mA 

5 mA < IgyT < 200 mA 

Output Voltage 8V <Vin <21V,5MA< louT < 350MA 


Quiescent Current 
[with fine | 9V< Vin <25V, IouT = 200 mA 


Quiescent Current Change 
5 mA < lout < 350 mA 
Output Noise Voitage Ta = 25°C, 10 Hz < f < 100 kHz 


Line Regulation 


Load Regulation Ty=25°C 


ol 
wd 


~ 
o 


Ripple Rejection loUT = 300 mA, 
Ty=25°C 


Dropout Voltage 
Short Circuit Current Ty = 25°C, Vin =35V 
Peak Output Current Ty= 25°C 


NO 
So 


Average Temperature Coefficient of er 
Output Voitage OUT ” 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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FAIRCHILD ¢ .A78M00 SERIES 
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BLA78M08 


ELECTRICAL CHARACTERISTICS: V)y = 14 V, lout = 350 mA, —55°C < Ty < 150°C, Cin = 0.33 wF, Cour = 90.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 14) MIN | TYP MAX UNITS 
10.5V <Viy < 25 V, 1 = 
siketauicils Tae IN our=200ma | | 60 | 60 | mv 
, 5mA <1 < 500 mA 
ae rene Tease LSmAStourss0oma TT | co | mv 
Output Voltage 11.5 V < Vin < 23 V,5mA < Iqyt < 350 mA | 76 | | 84] ov 
Quiescent Current - _ Ty= 26°C pt 46 | 60 mA 
Quiescent Current Change 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz | | 40 [ev/Vout 
lIouT = 100 mA | se | | | dB 
Ripple Rejection na Wau les i = 300 mA 
Rear WSV<Vin <215V OUT Se se dB 
Ty=25°C 
Dropout Voltage . Ta = 25°C, lOuT = 350 mA Rr Vv 
Short Circuit Current Ty = 25°C, Vin = 35 V | =| 300 | 600 | mA 
Peak Output Current Ty = 25°C | 04 | o7 | 14 A 
A ffici 55°C < Ty < +25°C 


LA78M08C 


ELECTRICAL CHARACTERISTICS: Viqy = 14 V, louT = 350 mA, O°C < Ty < 125°C, Cyn = 0.33 HF, CoyT = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) TYP MAX j UNITS 


~ 
~J 


fella «| Jel | | fol 


Output Voltage Ty=25°C 


10.5 V < Vin < 25 V, lout = 200 mA 
Line Regulation Ty=28°C mV 
11V < Vin < 25 V, lout = 200 mA mv 

5mA < | < 500 mA 

‘Gea Beaulation 1)=28°C mV 
5 mA < IlouT < 200 mA mV 

Output Voltage 10.5 V < Vin < 23 V,5mMA < lout < 350 MA 7.6 Vv 

Quiescent Current Ty = 25°C mA 


10.5 V < Vin < 25 V, Igut = 200 mA 
5mA < IloguT < 350 mA 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 


Quiescent Current Change 


tout = 100 mA 
f = 120 Hz, 


115 V <Vin <21.5V OUT = S00 uy, 


Ty = 25°C 


Ripple Rejection 


Dropout Voltage Ta = 25°C 
Short Circuit Current Ty=25°C, Vin =35V 


Peak Output Current Ty = 25°C 70: 


oO 


Average Temperature Coefficient of ae 
Output Voltage ouT™?™ 


3 
> 


NOTE: 
1. All characteristics except noise voltage and rippie rejection ratio are measured using pulse techniques {ty, < 10.ms, duty cycte < 5%). Output 
valtage changes due to changes in internal ternperature must be taken into account separately. 
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pA78M12 


ELECTRICAL CHARACTERISTICS: Vin = 19 V, louT = 350 mA, 55°C <Ty< 150°C, Cin = 0.33 uF, Court =0.1 uF, 
unless otherwise ‘specified. 


CHARACTERISTICS CONDITIONS (Note 1) 
Output Voltage Ty= 25°C 
14.5V < Vin < 30 V, lout = 200 mA 


oe 


E 
E 


Line Regulation ~Ty=25°C¢ 


Load Regulation Ty = 25°C 
5 mA < lout < 200 mA 
: 
Output Noise Voitage Ta = 25°C, 10 Hz <f < 100 kHz 
louT = 300 mA, 
Ty=25°C 
Average Temperature Coefficient of 
siolmibtaicad 


ob 


3 
< 







f = 120 Hz, 


- R 3 ¢ 
Ripple Rejection 15 V <Vin <25V 





Pel | bles 


jo 
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BA78M12C 


ELECTRICAL CHARACTERISTICS: Vix = 19 V, loUT = 350 mA, O°C < Ty < 125°C, Cin = 0.33 uF, COUT = 9.1 HF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS {Note 1) 

Output Voltage Ty=25C 
145V < Vin <30V, 1 = 200 mA 

Line Regulation Tj= 25°C IN OUT 

16V < Vin < WY, loUT = 200 MA 

5mAX | < 500 mA 

Load Regulation Ty = 25°C =e a Sua 

pSmA<iguT<200mA OUT m ; 
Output Voltage 14.5 V < Vin < 27 V,5 mA < lout < 350 mA 
Quiescent Current Ty = 25°C 
[ with fine | 145 V < Vin <30V, lout = 200 mA 
Quiescent Current Chan 
ceca oe 5 mA < lout < 350 mA 
‘Output Noise Voitage Tp = 25°C, 10 Hz < f < 100 kHz 


f = 120 Hz, 


v0 
3 
< 


75 


3 
P» 


Ripple Rejection 


iSV<Vin <25V 





ag 
r © 
ny 
oN 
o8 
3 
> 
3131 


Dropout Voltage 


Peak Output Current Tj= 25°C | | 700 | 
Average Temperature Coefficient of 
1 =5 mA vi? 
Output Voltage OUT mv iG 
NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle & 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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BATBM15 


ELECTRICAL CHARACTERISTICS: VIN = 23 V, lout = 350 mA, —55°C < Ty < 150°C, Cry = 0.33 pF, Coyt =0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS I CONDITIONS (Note 1) 
Output Voitage Ty= 25°C . 
17.5. V < Vin < 30 V, lout = 200m 
Line Regulation Ty = 28°C hd eal 
20.V < Vin < 30 V, tout = 200 mA 
7 5 mA < IouT < 500 mA 
Load Regulation | 6Ty=25C 
5mA < lout < 200 mA 
Output Voltage 18.5 V < Vin < 30 V,5 MA < IguT < 350mA 
Quiescent Current © Ty= 25°C 
18.5 V < Vin < 30 V, IguT = 200.mA 
Quiescent Current Change 


Output Noise Voitage Ta = 25°C, 10 Hz < f < 100 kHz 


lout = 100 mA 


TYP MAX j UNITS 


~ 
o 


N) 
Or 


15 


w~l 
a|o 
3/3 
</< 


16.75 Vv 


louT = 300 mA, 


Dropout Volos 

Short Cieuie Goren 

Peak Output Current Tjy= 25°C 

—— Temperature Coefficient of lour = 5 mA 
aston 


Rippte Rejection 


o 





7 


oO 


o 
3 
> 
AN 
re} 
Cc 
4 
A 
w 
1 
ron) 
3 
> 
a 
ron} 
3 
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BA7T8M15C 


ELECTRICAL CHARACTERISTICS: Vi = 23 V, louT = 350 mA, oc< Ty < 125°C, Cin = 0.33 wF, Court = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) 
Output Voltage Ty = 28°C 
17.5 V <Vipq < 30V, I = 200 mA 
Line Regulation Ty = 28°C NOY 
20 V < VIN < 30 V, iouT = 200 mA 
a 5 mA < lout < 500 mA 
Load Regulation Ty= 25°C 
5mA < loytT < 200 MA 
Output Voltage  17.5V < Vin <30V,5 MA < Igut < 350 mA 
Quiescent Current Ty = 28°C 
| 17.5 V < Vin < 30 V, Ioyy = 200 mA 
ditcsteut Civic ecace | EV SVINE Vion = BMA. | 


15.75 |. Vv 





fo] uv 


z 
zs 
s 
cf 
oi 
3 
> 
FAN 
5 
Cc 
—| 
A 
| 
> 
3 
P 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz BV 
dB 

Rippte Rejection 

70 d8 
Dropout Voltage Ta =25°C V 
Short Circuit Current Ty = 28°C, Vin = 35 V mA 
Peak Output Current Ty= 25°C 700 mA 
Average Temperature Coefficient of 

Output Voltage lout =5mA 10 | mV/°C 
NOTE: 


4. All characteristics except noise voltage and rippte rejection ratio are measured using pulse techniques. {ty < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internat temperature must be taken into account separately. 
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FAIRCHILD ¢ ,A78M00 SERIES . -- 


LA78M20 


ELECTRICAL CHARACTERISTICS: Vjx = 29 V. IouT = 350 mA, —55°C < Ty < 150°C, Cyy = 0.33 uF, Cout = 0.1 uF, 


CHARACTERISTICS 


Output Voltage 


Line Regulation 


Load Regulation 


Output Voltage 


Quiescent Current <= 


Quiescent Current Change 


Output Noise Voltage 


Ripple Rejection 


Dropout Voltage 
Short Circuit Current 


Peak Output Current 


Average Temperature Coefficient of 


Output Voltage 


uniess otherwise specified. 


CONDITIONS (Note 1) 


23 V < Vin < 35 V, louT = 200 mA 
24V <Vin <35V, iguT = 200 mA 
5mA <1 < 500 mA 
Ty=25°C at 
5 mA < IouT < 200 mA 


24 V < Vin < 35 V,5MA < IguT < 350mA 
Ty = 25°C 


TYP 


f = 120 Hz. 
24V <Vin <34V 


°o 





‘ —55°C <Ty <+25°C 
+25°C < Ty < 150°C 


uA78M20C 


ELECTRICAL CHARACTERISTICS: Vin = 29 V. IouT = 350 mA, 0°C < Ty < 125°C, Cy = 0.33 WF, Court = 0.1 uF, 


CHARACTERISTICS 


Output Voltage 


Line Regulation 


Load Regulation 


Output Voltage 
Quiescent Current 


Quiascent Current Change 


Output Noise Voltage 


Ripple Rejection 


Dropout Voltage 
Short Circuit Current 


Peak Output Current 


Average Temperature Coefficient of 


Output Voitage 


NOTE: 


unless otherwise specified. 


CONDITIONS (Note 7) 


23 V < Vin < 35 V, IguT = 200 mA 
24 V < Vin < 35 V, lout = 200 mA 
5mA <I < 500 mA 
Ty = 25°C heal 
5 mA < lout < 200 mA 
23 V < Vin < 35 V,5 MA < IQut < 350 mA 


sel é 


Ny 
Q 
< 
IN 
= 
z 
ri 
Ww 
ai 
= 
o 
c 
o4 
i] 
NJ 
° 
o 
3 
> 


wd 
Oo 





Ta =25°C 
Ty= 25°C, Vin = 35 V 
Ty=25°C : 


louT =5 MA 


7 


i=] 


10 


4 

rae 
it 

N 

on 

ie) 

oO 

o 
~ 


mA 
mA 


mV/°C 


1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty <= 10 ms, duty cycle < 5%). 
Output voltage changes due to changes in internal temperature must be taken into account separatety. 
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FAIRCHILD © ,A78M00 SERIES 


pA78M24 


ELECTRICAL CHARACTERISTICS: Vy = 33 V, lout = 350 MA, —55°C <Ty < 150°C, Cyyy = 0.33 uF, CoyT = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS : CONDITIONS (Note 1) 
Output Voltage Ty = 25°C 

27V <ViIn <= 38 V,! = 200 mA 
Line Regulation Ty = 25°C ou sand 

30 V < VIN < 36 V, IouT = 200 mA 

5mA <1 <= 500 mA 

mA < IQUT m 
Output Voltage 28 V < Vin < 38 V,5 MA < IgyuT < 350 mA 
Quiescent Current e Ty = 25°C . 
| with line | 28 V < VIN < 38 V, IoyT = 200 mA 
5 h : 

Quiescent Current Change 5 mA <Igyy < 350 mA 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 


lout = 100 mA 


JouT = 300 mA, 
Ty=25°C 
Dropout Voltage Ta = 25°C, lout = 350 mA 
Short Circuit Current Ty = 25°C, Vin =35V 
Peak Output Current Ty= 25°C 
Average Temperature Coefficient of —55°C <Ty <+25°C 
louT =5 mA 
Ourpur: Voltage +25°C <Ty < 150°C 


TYP M 


f = 120 Hz, 


Ripple Rejection 28 V < Vin < 38 V 


aS 


“J 


BA78M24C 


ELECTRICAL CHARACTERISTICS: Viq = 33 V, [gut = 350 mA, o’c< Ty < 125°C, Cyxy = 0.33 uF, Coyt = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) 


Output Voitage Ty = 25°C 
27 V < Vin < 38 V, louT = 200 mA 
28 V < Vin < 38V, lout = 200 mA 
5 mA < lout < 500 mA 
5 mA < louT < 200 mA 
Output Voltage 27 V < Vin < 38 V,5MA < louT < 350MA 
Quiescent Current Ty = 25°C 

[with line | 27 V < Vin < 38 V, IouT = 200 mA 
Quiescent Current Change § mA <louy < 350 mA 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 


Line Regulation ; Ty = 25°C 


o|o 


Load Regulation Ty=25°C 


louT = 100 mA 


—_ 
wd 


f = 120 Hz, 


Ripple Rejection 28V<Vin <38V 


lOUT = 300 mA, 
Ty = 25°C 


Dropout Voltage Ta = 25°C 
. Short Circuit Current Ty = 25°C, Vin = 35V 
Peak Output Current Ty = 28°C 


Average Temperature Coefficient of 


oO 
Output Voltage mvi'C 


tout = 5 mA 


sd 
8 3 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%}. Output 
voltage changes due to changes in internal temperature must be taken into account separately. 





FAIRCHILD ¢ ,A78M00 SERIES 


DESIGN CONSIDERATIONS 


The zA78MO0 fixed voltage regulator series has thermal overload protection from excessive power, internal short circuit protection which 
limits the circuit's maximum current, and output transistor safe area compensation for reducing the output short circuit current as the voltage 
across the pass transistor is increased. 


Although the internal power dissipation is limited, the junction temperature must'be kept below the maximum specified temperature (150°C 
for 78M00, 125°C for 78MOOC) in order to meet data sheet specifications. To calculate the maximum junction temperature or heat sink 
required, the following thermal resistance values should be used: 


Package 


TO-39 

TD-220 

POWER TAB 6 
(TO-202 EQUIVALENT) 


TJ (MAX)-TA TJ (MAX)-—TA 
PD (MAX) = ——_—_——_—_. or ————_——— (Without a heat sink) 
eC + 8CA OA 


9CA = 8cs + 9SA 


Solving for Ty: Ty = Ta + Ppl6jct@ca) or Ta + Pp ® Ja (Without a heat sink) 


Where Ty = Junction Temperature 
Ta = Ambient Temperature 
Pp = Power Dissipation 
8JC = Junction to case thermal resistance 
9CA = Case to Ambient thermal resistance 
8cs = Case to heat sink to resistance 
@SA = Heat sink to ambient thermal! resistance 
8 ja = Junction to Ambient thermal resistance 


WORST CASE POWER DISSIPATION WORST CASE POWER DISSIPATION 
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 


POWER DISSIPATION — W 
POWER DISSIPATION — W 


AMBIENT TEMPERATURE — °C AMGIENT TEMPERATURE — °C 


WORST CASE POWER DISSIPATION TYPICAL POWER DISSIPATION 
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 
U1C/U2C U1C/U2G 


POWER DISSIPATION — W 
POWER DISSIPATION —W 





FAIRCHILD ¢ .A78M00 SERIES 


ELECTRICAL PERFORMANCE CURVES 


PEAK OUTPUT CURRENT 
AS A FUNCTION OF OUTPUT VOLTAGE 
INPUT-OUTPUT } RIPPLE REJECTION AS A FUNCTION OF 
. DIFFERENTIAL VOLTAGE AS A FUNCTION OF FREQUENCY JUNCTION TEMPERATURE 
Sp oy eo pee oy cd Vin 7 19¥ | zomre | 
pe ce AO CCITT en ee EERE 
SEE ; 





OUTPUT CURRENT — A 
A | 
a areas 
RIPPLE REJECTION - dB 


& 

| 

| | / 

a 
pales | 
aSER Ane 


-75 -50 -25 GO 2 SG 75 100 $25 150 175 


INPUT-OUTPUT DIFFERENTIAL — V FREQUENCY - Hz JUNCTION TEMPERATURE - “C 


DROPOUT VOLTAGE 
AS A FUNCTION OF LOAD TRANSIENT 
DROPOUT CHARACTERISTICS JUNCTION TEMPERATURE RESPONSE 


ae eeeeeen 
20 ccce one 
Ata eee eee 
Ee See SES 
ey | | 


OUTPUT VOLTAGE. 
GCEVIATION 


OUTPUT VOLTAGE — VOLTS 
LOAD CURRENT — A 


INPUT — OUTPUT DIFFERENTIAL — VOLTS 
OUTPUT VOLTAGE DEVIATION — V 


mill 
cans 
ire sees 


INPUT VOLTAGE — VOLTS JUNCTION TEMPERATURE — °C 


QUIESCENT CURRENT QUIESCENT CURRENT 
LINE TRANSIENT AS A FUNCTION AS A FUNCTION OF 
aia OF INPUT VOLTAGE TEMPERATURE 


ore ee ea 
Samet TTT 2 |Your 5 
! eee ets ! 


es el a Ba E 
x | Se 

QUTPUT VOLTAGE y {| 4 
fiero SGenen 


OUTPUT VOLTAGE DEVIATION ~ mV 
INPUT VOLTAGE — VOLTS 
QUIESCENT CURRENT ~ mA 


QUIESCENT CURRENT — mA 


OO 125 150 t75 
INPUT VOLTAGE — VOLTS AMBIENT TEMPERATURE — 'C 


NOTE: Other uA7@M00 Series devices have similar curves. 


TEST CIRCUITS 


LOAD REGULATION TEST CIRCUIT - DC PARAMETER TEST CIRCUIT 
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APPLICATIONS § 





* * 
NOTES: * ; ~. 
® To specify an output*voltage, substitute voltage value for “XX”. 
@ Although no output capacitor is needed for stability, it does im- 
prove transient response. 
@ Required if regulator is located an appreciable distance from power 
supply filter. 


FIXED OUTPUT REGULATOR NEGATIVE OUTPUT VOLTAGE CIRCUIT 





INPUT © < - 






© OUTPUT : 
62 _—__ 
gut MAX) 
i 
BVBe(Q1) Vee(a1) 8VegeE(Q1) 

RV = Rt = = 

IREQ(MAX) (6 + 1) —fou7(MAX) REG = IREQ(MAX) (8 + 1) — Igy Tt (MAX) 
Veet} tout 
eG ae Pat? ineG 

lOUT 
HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED HIGH CURRENT VOLTAGE REGULATOR 








VARIABLE OUTPUT VOLTAGE, 0.5 TO 10 V + TRACKING VOLTAGE REGULATOR 





Se? 2 ee OE ne i ee iE: Sis, a UN aaa 
: : Ste - . ae "i art * . he toa ~ : as ai a iS ni : 
Ne ppemter cama a Srng sone” ATRCHILD’© pA78M00 SERIES =< a 
oe Ce : emetic Naan, aa 


Pasian Sg egiina nc! 




















APPLICATIONS (Cont'd) | a 
- t 
* R2 aa 
Veure wert ane 
= + — 
: OUT xX Ri Qa 
POSITIVE AND NEGATIVE REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 
ot oe 
Vv 
Gutput Current = our . 
Ri 
CURRENT REGULATOR ADJUSTABLE OUTPUT REGULATOR, 7 V TO 30 V 
EQUIVALENT CIRCUIT 
INPUT (1) yp 
O OUTPUT {2} 
4 
QO COMMON {3) - 
7-33 2 
wT as, bi HK i 2 


at + a et 1 
gf on 2 


- yA7800 SERIES — 


? as 


a 


cal 


3-TERMINAL POSITIVE VOLTAGE REGULATORS 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


rt 


“ot 


GENERAL DESCRIPTION — The uA7800 series of monolithic 3-Terminal Positive Voltage Regu- 
lators is constructed using the Fairchild Planar* epitaxial process. These requlators employ internal 
current limiting, thermal shutdown and safe area compensation, making them essentially indestruc- 
tible. tf adequate heat sinking is provided, they can deliver over 1 A output current. They are intended 
as fixed voltage regulators in a wide range of applications including local {on card) regulation for 
elimination of distribution problems associated with single point regulation. In addition to use as fixed 
voltage regulators, these devices can be used with external components to obtain adjustable output 
voltages and currents. 


~~ OUTPUT CURRENT IN EXCESS OF 1A 





NO EXTERNAL COMPONENTS 

INTERNAL THERMAL OVERLOAD PROTECTION 
INTERNAL SHORT CIRCUIT CURRENT LIMITING 
OUTPUT TRANSISTOR SAFE AREA COMPENSATION 
AVAILABLE IN THE TO-220 AND THE TO-3 PACKAGE 
OUTPUT VOLTAGES OF 5, 6, 8, 8.5, 12, 15, 18, AND 24 V 


ABSOLUTE MAXIMUM RATINGS 


35 V 
40 V 
Internally Limited 
—65°C to +150°C 


Input Voltage (5 V through 18 V) 
(24 Vv) 

internal Power Dissipation 

Storage Temperature Range 


Operating Junction Temperature Range »A7800 —55°C to +150°C 
wA7800C 0°C to +150°C 

Lead Temperature (Soldering, 60 s time limit) TO-3 Package 300°C 
(Soldering, 10 s time limit) TO-220. Package 230°C 


EQUIVALENT CIRCUIT 


O INPUT (1) 


O OUTPUT (2} 





CONNECTION DIAGRAMS 
TO-220 PACKAGE 


(SIDE VIEW) 








XL wpur 


ORDER INFORMATION 


OUTPUT 
VOLTAGE 


5V 
6V 
8V 
8.5 V 
12V 
15V 
18V 
24V 


TYPE 


uA7805C 
uA7806C 
uA7808C 
uA7T885C 
vA7812C 
“A7815C 
¥A7818C 
uAT7824C 


PART NO. 


vAT7805UC 
uA7TB06UC 
uA7808UC 
BHAT885UC 
#A7B812UC 
#A7815UC 
4A7818UC 
uA7E24UC 


TO-3 PACKAGE 


(TOP VIEW) 


tNPUT 


ORDER INFORMATION 


OUTPUT 


VOLTAGE 


*Planar is a patented Fairchild procass. - 


TYPE 


uA7805 
uA7806 
uA7808 
uA7885 
pA7812 
uA7815 
vA7818 
uA7824 
pA7805C 
pA7806C 
pA7808C 
HA7885C 
4uA7812C 
uAT815C 
uA7818C 
uA7824C 


PART NO. 


uATS05KM 
uAT806KM 
uA7808KM 
uA7885KM 
vA7812KM 
uA7815KM 
HA7818KM 


‘ pA7B24KM 


BA7B05KC 
MA7806KC 
#A7B808KC 
BA788SKC 
KA7B1ZKC 
HA7815KC 
BA7T818KC 
BwAT824KC 





uA7800 Series 





pA7805 
Electrical Characteristics Vjy = 10 V, loyt = 500 mA, —55°C < Ty <= 150°C, Cyn = 0.33 uF, Coury = 0.1 uF, 
unless otherwise specified. 


Characteristic Condition (Note) 
Output Voltage Ty = 25°C 
; ; 7V< Vin = 25V 

Line Regulation Ty = 25°C 
8V = Vin S 12 V 
5mA <1 <=1.5A 

iad eeaaree rumuene 
250 mA < lout = 750 mA 


8.0V < Vin = 20 V 
Output Voltage 5 mA < lout = 1.00A 


Unit 


5 
< 
S 


< 


3 


3/;3/;3 
<j <Ii< 





P= 15W 


3 
> 


n ho 
< 3 
< 


Quiescent Current 
Quiescent Current Change 
Output Noise Voltage 
Dropout Voltage lout = 1.0 A, Ty = 25°C 

Short-Circuit Current 
Peak Output Current | 
Average Temperature Coefficient of 

lout = 5 mA 


Output Voltage +25°C = Ty = +150°C 


3,3 
>| > 


40 uV/VoutT 


a 
Bes 
dB 
2.0 | 


31< 
eo) 


Oo; |= 
BR] wf 
>| > 


mV/°C/ 
0.3 VouT 


—_ 

@ 
[o) 
~J 
(41) 


uA7805C 
Electrical Characteristics Vij = 10 V, Iloyt = 500 mA, O°C < Ty <= 125°C, Ciy = 0.33 wF, Coys = 0.1 uF, 
unless otherwise specified. 


Characteristic Condition (Note) 
Output Voltage Ty = 25°C 
: : 7V <= Vin S 25V 
Line Regulation Ty = 25°C 
BV <Vin = 12 V 
5mA <1 = 1.5A 
roca eauinras 7 meee 


—_ ooh, 

o) oO 1; 
=) o 

3 

< 


250 mA <= Iout = 750 mA mV 
7V <= Vin S 20 V 
Output Voltage 5 mA < lout = 1.0A 4.75 Vv 
P= 15W 





Quiescent Current Change jwithline |7VSVnS25V 0 
Output Resistance 
Short-Circuit Current Ty = 25°C, Vin = 35 V | j7so | mA 
Peak Output Current Ty = 26°C oe ee ae A 


Average Temperature Coefficient of lout = 5 mA, 0°C <Ty < 125°C mV/°C 
Output Voltage 


2-16 


= 
nm 


@ 
3 
> 


uV 


78 dB 


~—h 
. 














uA7800 Series 





pA7806C 
Electrical Characteristics Vjy = 11 V, loyt = 500 mA, 0°C <= Ty < 125°C, Cin = 0.33 uF, Cout = 0.1 uF, 
unless otherwise specified. 


Characteristic Condition (Note) 

Output Voltage Ty = 26°C 5.75 
8V= Vw = 25V 

patesdadcs eae 
9V=VNZ=13V 
5mA <1 <= 1.5A 


250 mA < lout < 750 mA 


</Cc 
=) 
= 


< 
ae] 


5 
1.5 


3 
< 


ad 
nN 
a 


> 
° 
3/3 
<|< 


8V = Vin = 21V 


Output Voltage 5 mA S lout = 1.0A 
P= 15W 


Quiescent Current Ty = 25°C 
8V <Vin < 25V 
Quiescent Current Change 
|with load [5 mA < lout <= 1.0A 


Or 
~ 





= 
> 





ro) 
3/3 
>| > 


Output Noise Voitage 
Dropout Voltage 


Short-Circuit Current Ty = 25°C, Vin = 35 V 


Peak Output Current Ty = 25°C 


Average Temperature Coefficient of lout = 5 mA, 0°C <Ty < 125°C 
Output Voltage 


ao 
< 


.— 
< 


4. 
45 
75 


Q. 
ise) 


3 


Pi3s;/3i< 
>| 


nh 
Oo 


Note 

1. For all tables, all characteristics except noise voltage and 
ripple reyection ratio are measured using pulse techniques 
(ty <= 10 ms, duty cycle < 5%). Output voltage changes due 
to changes in internal temperature must be taken into account 
separately. 
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uA7808 
ELECTRICAL CHARACTERISTICS: Vin = 14 V, IoUT = 500 mA, —55°C < Ty < 150°C, Cy = 0.33 uF, Court = 0.1 uF, 


unless otherwise specified. 





CHARACTERISTICS CONDITIONS (Note 1) TYP 


~ 
= 


Output Voltage 


11V<Vin <17V 

5mA<t <15A 
etnies 14=25°C 

250 mA < igutT < 750 mA 


11.5V < Vin <23V 


. ; 5 10.5V <Vin <25V 
Line Regulation Ty=25°C 























Ww 


Peak Output Current Ty = 25°C 


w 
> 


—55°C < Ty <+25°C 


Average Temperature Coefficient of Output Voitage | | =5mA 3 5 
9 e e 98 | "OUT 425°C <Ty < 150°C 


7 ; 
~ 
or 
w N 
on 
3 
> 


Output Voltage 5mMA<IQyuT<10A 7.6 Vv 
ao P<15W 
Quiescent Current Change | withtine UES MIN SEY | passat ais 
5mA <louT <1.0A nee mA 
Output Noise Voltage Ta = 25°C, 10 Hz< f < 100 kHz aa BV/VQUT 
Ripple Rejection f= 120 Hz, 11.5V < Vin <21.5V | 62 | 72 dB 
Dropout Voltage lout = 1.0A, Ty = 25°C bass Vv 
Output Resistance ic = mo 
Short Circuit Current Ty=25°C , Vin =35V Pe acl A 
ee 
aes 


LA7808C 
ELECTRICAL CHARACTERISTICS: Vin = 14 V, loyT = 500 mA, 0°C < Ty < 125°C, Cy = 0.33 uF, Court = 0.1 uF, 


unless otherwise specified. 

















Pivevinery |} 20] 80 | av 
| 250mA<tour<750ma_ | | 40 | 80 | av 
; 10.5V <Vin <23V 

Output Voltage S5mA <IQuT<1.0A 7.6 Vv 

P<15W Bae 
Quiescent Current Change _ withiine | IONS IN Se a a ne 
[wihiood | SmA<tourst0aSS«d S| iY 8 | 
Output Noise Voltage Ta = 25°C, 10 Hz, < f < 100 kHz ae 7 uV 
Ripple Rejection , f= 120 Hz, 11.5V <Viq <21.5V se | 72] | dB 
Dropout Voltage lout =1.0A, Ty = 25°C Me et eee 1 Vv 
Short Ciruit Gurren TysarC.vinessv SS *YSC*S 
Peak Output Gurren Ba! (GE (RN (GT 
Average Temperature Coefficient of Output Voltage HlouT=5mA,0°C<Ty<12°¢ = ff ORT mV/C 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. ° 
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pA7885 
ELECTRICAL CHARACTERISTICS: Vin = 15 V, tout = 500 mA, OC <Ty< 125°C, Cin = 0.33 uF, Court = 0.1 uF, 
unless otherwise . specified. ; 


CHARACTERISTICS CONDITIONS (Note 1} 
Output Voltage Ty = 25°C 


10.5 V < Vin < 268V 

weenie Ty=26°C 
AV < Vin <17V 
5mA <1 ei15A 

Load Regulation T)=28°C 
250 mA « louT < 750 mA 


12V < Vin <23.5V 
Output Voltage 


5mA <IoyuT<1.0A 





P< 15W 


Ty = 28°C 


Quiescent Current 


i | 











. 11.5 V <Vin <25V mA 
Quiescent Current Change 

5mA<IguT<1.0A mA 
Output Noise Voitage Ta = 25°C, 10 Hz < f < 100 kHz BV/VouT 
Dropout Voltage lout = 1.0A, Ty = 25°C Vv 
Output Resistance fstkte C~C~S mo 


58°C <Ty <+25°C 


Average Temperature Coefficient of Output Voltage} IQuT = 5 MA. . - 
425°C < Ty <+150°C 


° 
& 
a 
3 
> 


pA7885C 
ELECTRICAL CHARACTERISTICS: Vin = 15 V, IOUT = 500 mA, —585°C < Tjy< 150°C, Cin = 0.33 uF, Coyt = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1} | Hun | rye | max | UNITS 
Ouput Vottow Ty= 26% pais[ es [eal v 

















Cina papain a a ee ee nv 
Pivevner7v _-+| | 20 [8 [av 

ee Fryzare [omastourstes Ya | ve | ow 
PBOmAK<touT<750mA | | 40 | 88 mw 

11V < Vin <23.5V 
Output Voltage 5MA < lout <1.0A Vv 
P< 15W fe] fee 

Quiescent Current Change OO eee cel Adie VIN alla ee a a 
Twithiosd ———«SmAStouT<tOA TO | mA 

Output Noise Voltage Ta = 28°C, 10 Hz, < f < 100 kHz 1 7 sb pV 
Ripple Rejection f= 120 Hz, 11.5 V < Vin <21.5V | 56 | 70, | dB 
Dropout Voltage lout = 1.0 A, Ty = 25°C ff 20 | Vv 
Output Resistance CL 
Short Circuit Current Tae vn=sv CT CT TA 
Peek Output Current tsa CSC™C~“—sSSCCTTC YT SCdT 2 TT 
Averagé Temperature Coefficient of Output Voltage MouTr=5mA,0C<Ty<t2°¢ = tf 0B] mvc 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes dus to changes in internal temperature must be taken into account separately. 
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wA7812 
ELECTRICAL CHARACTERISTICS: Vin = 19 V, IouT = 500 mA, —55°C < Ty < 160°C, Cin = 0.33 wF, Court = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) 
Output Voltage Ty = 25°C 
. . e 14.5V < Vin < 30V 
Line Regulation Ty=25C 
16V < Vin < 22V 


' e 5mMA< tout <1t5A 
Load Regulation Ty=25C 
250 mA < IouT < 750 mA 


15.5 V < Vin <27V 






i) 
3 
< 









Output Voltage 






SMA <IQuT<1.0A 
7 P<15W 
Quiescent Current Tj= 25°C mA 





15 V < Vin <30V 


| withload =| SMA SIQUT<1.0A 


< 





Quiescent Current Change 


3 
> 









Output Noise Voitage Ta = 28°C, 10 Hz < f < 100 kHz #V/VoutT 
Ripple Rejection f= 120 Hz, 15V < Vin < 25V 71 dB 
Dropout Voltage lout = 1.0 A, Ty = 26°C V 
Output Resistance f= 1 kHz m2 


Short Circuit Current Ty = 25°C, Vin = 35 V 
Peak Output Current Ty = 25°C 


—55°C <Ty < +25°C 


Average Temperature Coefficient of Output Voltage | IQuT = 5 MA 
+25°C < Ty < +150°C 


“J 
ot 
> 






pA7812C 


ELECTRICAL CHARACTERISTICS: Vix = 19 V, lQuUT = 500 mA, O°C < Ty < 125°C, Cin = 0.33 uF, Cout =0.1 uF, 
unless otherwise specified. 





CHARACTERISTICS CONDITIONS (Note 1) 
Output Voltage Ty =25°C 


14.5 V < Vin < 30V 
16 V < Vin < 22V 


5mA <1 <15A 
Load Regulation Ty=25°C m OUT 5 
250 mA < Igy < 750 mA 


14.5 V < Vin <27V 
5mA < louT <1.0A 
P<15W 
Quiescent Current Ty = 25°C 


i | withiine | 4.5 VS VIN <30V 
Quiescent Current Change 
with toad SMA <loUuT<1.0A 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Ripple Rejection f= 120 Hz, 15 <Vi_ < 25V 


Line Regulation Ty= 25°C 


{lel lefselsel 2 


3 






Output Voltage 












= 


Dropout Voltage tout = 1.0 A, Ty = 25°C Vv 
Output Resistance f=1 kHz mn 
Short Circuit Current | Ty= 28°C, Vin = 35 V mA’ 
Peak Output Current Ty = 28°C. A 


mv? Cc 


Jj] ~ 


‘Average Temperature Coefficient of Output Voltage | lout = 5 mA, O°C < T j< 125°C 


NOTE: 


1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%), Output 
vottage changes due to changes in internal temperature must be taken into account separately. 
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FAIRCHILD ¢ A7800 SERIES 


~ 
5 











pA7815 
ELECTRICAL CHARACTERISTICS: Vin = 23 V, loyuT = 500 mA, —55°C <Tjy< 150°C, Cyx = 0.33 uF, Coyt = 9.1 uF, 
unless otherwise specified. 














ae Tone Li7eVeVinesov dt | 80 |e 
Line Regulation Ty= 25°C 
Load Regulation [ty-asre [Em Stour 388 ff ih 
a50mA<our<7s0ma__| | 4 | 75 | mv 
| 18.5 V <Vin <30V 
Output Voltage 5mA <IguT <1.0A 15.75 Vv 
e P<15W 
Quiescent Current Ty = 28°C | | 44 | 6.0 | mA 
Quiescent Current Change es i ath | Bact eae ee a 
Fwineod[Sma<tourstoa————SSid SY i 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz ff 8 | 40 fuv/Vout 
Ripple Rejection f= 120 Hz, 18.5 V < Vin < 28.5 V | 660] 7O} | dB 
Output Resistance fate SSS—~*dS 
Peak Output Current Ty = 25°C | 61.3] 22 4} 33 | A 
Average Temperature Coefficient of Output Voltage! IgyT =S MA fassc<ty<src | | mv FCI 






pA7815C 


ELECTRICAL CHARACTERISTICS: Vij, = 23 V. louT = 500 mA, OecK<Tjy< 128°C, Cin = 0.33 wF, Cour = 0.1 uF, 
unless. otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1} 


Output Voltage 


TYP MAX | UNITS 


bh 
aS 


¢ 


Vv 
mV 
mV 
mV 


| 156 | 
300 
180" 
[300 
[780 [ mv 


Line Regulation 


Load Regulation 


17.5V <Vin < 3V 
Output Voltage 5 mA <louT <1.0A 
P<15W 


15.75 | v 


-_ 
—_ 





mA 
mA 


Quiescent Current 


) 
Quiescent Current Change 

Pwiniod | SmAStgurstOA 
Output Noise Voltage Ta = 28°C, 10 Hz < f < 100 kHz 
Dropout Vottaw 
Average Temperature Coefficient of Output Voltage 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques {ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 


(=) 
< 


3 
< 
~ 
J 
oO 
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wA7818 
ELECTRICAL CHARACTERISTICS: Vi = 27 V, lout = 500 mA, —-55°C< Ty< 150°C, Cy = 0.33 uF, Coyt =9.1 wF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) MAX | UNITS 


3 


- 
a) 


Output Voltage Ty=28°C 


= 
~l 
be 


21V < Vin <33V 
24V <Vin < 30Y¥ 


6 5mA « lout <1.5A 
Load Regulation Ty=25C 
250 mA « lout < 750 mA 


22V < Vin <33V 
Output Voltage 5mA <louT <1.0A 
P<i5SW 
Quiescent Current Ty = 25°C 


Quiescent Current Change 
with load 5MA < louT <1.0A 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Ripple Rejection f = 120 Hz, 22 V < Vin < 32 V 
Dropout Voltage lout = 1.0 A, Ty = 25°C 


oO 


Line Regulation 


| 
o 
i] 

N 
ol 


_ 
(eX) 


Output Resistance 
Short Circuit Current Ty = 25°C, Vin = 35 V 
Peak Output Current Ty= 25°C 


> 


+25°C < Ty <+150°C 


Average Temperature Coefficient of Output Voltage} Iquyt =5 mA 
—55°C <Ty <+25°C 


“J 
on 


pAT818C 
ELECTRICAL CHARACTERISTICS: Vijq = 27 V, lout = 500 mA, 0°C < Ty < 128°C, Cyyy = 0.33 uF, Court = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1): YP MAX | UNITS 


18.7 V 
mV 
mV 

mV 
mV 


Output Voltage Ty=25°C 


. ; 3s 21V <Vin <33V 
Line Regulation Ty= 25°C 
24V <Vin <30V 
5mA <<! <1.5A 
Load Regulation Ty= 25°C Sur 
250 mA < IguT < 750 mA 


21V <Vin <33V 
Output Voltage 5mMA < lout <1.0A 


P<15W 
Quiescent Current Ty= 25°C 


: Twithtine | IVS Vin <8 
Quiescent Current Change 
Output Noise Vottage Ta = 25°C, 10 Hz < f < 100 kHz 


Ripple Rejection f = 120 Hz, 22 © Vin < 32 V 
Dropout Voltage louT = 1.0 A, Ty = 25°C 


—__ 
“J 
ww 


Vv 


mA 
mA 


= 
™ . 
— 


Output Resistance f=1 kHz 
Short Circuit Current Ty = 25°C, Vin =35V 
Peak Output Current Ty= 25°C 


Average Temperature Coefficient of Output Voltage} IQuT = 5 MA, O°C < Ty < 125°C mv °C 


ed 
—_ 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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pA7824 
ELECTRICAL CHARACTERISTICS: Vin = 33 V, louT = 500 mA, —55°C < Ty < 150°C, Cypy = 0.33 uF, Court = 0.1 uF, 
unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) 


Output Voltage Ty = 25°C 
‘ 7V<Vin < 
Line Regulation Ty = 25°C INS 38V 
30 V < Vin < 36V 
5mA <1 <= 15A 
Load Regulation Ty = 25°C OUT 
250 mA < lout < 750 mA 


28V < Vin < 38 V 


-_ 
bd 
°o 


Output Voltage SmA <iguT <1.0A 
P< 15W 


Quiescent Current Ty=25°C 
V<Vin < 38V 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Ripple Rejection f = 120 Hz, 28 V < Vin < 38 V 
Dropout Voltage ; lout = 104A, Ty= 28°C 

Output Resistance 

Short Circuit Current Ty = 28°C, Vin = 35 V 

Peak Output Current Ty=25°C 





N 


: 


—55°C < Ty <+25°C 


Average Temperature Coefficient of Output Voltage | | =5mA s 
Our 425°C <Ty <+150°C 


wA7824C 
ELECTRICAL CHARACTERISTICS: Vix = 33 V, Iqut = 500 mA, O°C < Ty < 125°C, Cyy = 0.33 uF, Coury = 0.1 uF, 
unless otherwise: specified. 


Vv 


Output Voltage Ty=25 C 23.0 


27 V < Vin <38V 
Line Regulation Ty = 25°C in 
30V < Vin < 36V 


‘o 
SmA <I <15A 
Load Regutation Ty= 25°C ouT” 
| 250 mA < IguT < 750 mA 


27V < Vin < 38V 
Output Voltage 5mA<Igut <1.0A 
P<15W 
Quiescent Current Ty = 28°C 


27V < VIN < 38 V 
Quiescent Current Change | _withline | IN 38 : 
with load 5 mA < IguT <1.0A 


Output Noise Voltage Ta = 28°C, 10 Hz < f < 100 kHz 
Ripple Rejection f= 120 Hz, 28 V < Vin < 38V 
Dropout Voltage lout = 1.0 A, Ty = 26°C 

Output Resistance f= 1 kHz 

Short Circuit Current Ty= 28°C , Vin =35 V 

Peak Output Current Ty = 25°C 

Average Temperature Coefficient of Output Voltage} lout = 5 mA, 0°C < Ty < 125°C 


= 
6 


mV 
mV 
mV 
mv 


BEBgG 
alae 


Vv 





mA 
mA 


-_ 


Bt 


“mvPC 
NOTE: 


1. Alt characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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DESIGN CONSIDERATIONS 


The #A7800 fixed voltage regulator series has thermal overload protection from excessive power, internal short circuit protection which limits 
the regulator's maximum current, and output transistor safe area compensation for reducing the output current as the voltage across the pass 
transistor is increased. 


Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature (150°C 
for 7860, 125°C for 7800C) in order to meet data sheet specifications. To calculate the maximum junction temperature or heat sink required, 
the following thermal resistance values should be used: 


Typ Typ Max 
Package 95C eA BJA 


3.5 . 40 45 
3.0 : 60 65 


PDIMAX) THMAX) — TA TyiMAX) — TA, (Without a heat sink) 
9c + OCA 9A 


9cA = 9cst4sa 


solving for Ty: Ty = Ta + Po (6 jc + 8c) or Ta + Pposa (without a heat sink) 


where Ty = Junction Temperature 84¢ = Junction to case thermal resistance 
Ta = Ambient Temperature 6ca = Case to ambient thermal resistance 
Pp = Power Dissipation 9Cg = Case to heat sink to resistance 
9S~A = Heat sink to ambient thermal resistance 
8 JA = Junction to ambient thermal resistance 


WORST CASE POWER DISSIPATION WORST CASE POWER DISSIPATION 
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 


= = 
i 1 
3 3 
= - 
z z 
g 7 
a Qo 
o £ 
3 5 


75 100 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


TYPICAL PERFORMANCE CURVES 


PEAK OUTPUT CURRENT 
DROPOUT VOLTAGE AS A FUNCTION AS A FUNCTION OF INPUT/OUTPUT RIPPLE REJECTION 
OF JUNCTION TEMPERATURE DIFFERENTIAL VOLTAGE AS A FUNCTION OF FREQUENCY 
100 


ERRRRRE RE 
fe. ee | 








- «B 

















ae aaa 
aT I TAS | 
QUTPLIT CURRENT A 
RaPPLE REJECTION 


INPUT — OUTPUT DIFFERENTIAL -- V 





OPOUT CONDITI 








2 : 7 a 
JUNCTION TEMPERATURE — °C INPUT- OUTPUT DIFFERENTIAL ~- V FAEQUENC Hz 
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FAIRCHILD ¢ ,A7800 SERIES 


TYPICAL PERFORMANCE CURVES (Cont'd) 


OUTPUT VOLTAGE AS A FUNCTION CURRENT LIMITING 
OF JUNCTION TEMPERATURE DROPOUT CHARACTERISTICS CHARACTERISTICS 


My = 5¥ 
mee TTT ae 
Vout = W2Vv J 


OUTPUT VOLTAGE - V 
OUTPUT VOLTAGE - V 
OUTPUT VOLTAGE — V 


JUNCTION TEMPERATURE — °C INPUT VOLTAGE — V OUTPUT CURRENT ~ A 


LOAD TRANSIENT LINE TRANSIENT QUIESCENT CURRENT 
RESPONSE RESPONSE AS A FUNCTION OF INPUT VOLTACE 


Seite} Fete, fee 
Rie [| gL ict Sm Se esis 





Tj = 25°C 




















OUTPUT VOLTAGE 
DEVIATION 


| tT WAT 
PEE 


OUTPUT VOLTAGE 
DEVIATION 


INPUT VOLTAGE — VOLTS 
QUIESCENT CURRENT - mA 














LOAD CURRENT — A 
QUTPUT VOLTAGE DEVIATION — mV 





OUTPUT VOLTAGE DEVIATION — V 




















INPUT VOLTAGE — V 


QUIESCENT CURRENT OUTPUT IMPEDANCE | 
AS - FUNCTION OF TEMPERATURE “Ta A FUNCTION OF FREQUENCY 


were TTT 
5v 


ote a 
louT = 500mA 

















OUTPUT IMPEDANCE — 








QUIESCENT CURRENT ~ mA 






































os | 
tt 94 
lms Cea eee 


75 -§0 -25 0 25 SO 75 100 126 150 175 
JUNCTION TEMPERATURE — °C FREQUENCY - Hz 


Note: The other 2A7800 series devices have similar curves. 


EQUIVALENT TEST CIRCUITS 


2N6121 
OR EQuiv 


DC PARAMETER TEST CIRCUIT LOAD REGULATION TEST CIRCUIT RIPPLE REJECTION TEST CIRCUIT 
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TYPICAL APPLICATIONS 


HATEXX 


NOTES: 
To specify an output voitage, substitute voltage value for “XX”. Ro 
Although no output capacitor is needed for stability, it does im- VouT = Vxx (1 + —— ) + IQR 
prove transient response. Ry 
@) Required if regulator is tocated an appreciabie distance from power 
supply filter. «x 


FIXED OUTPUT REGULATOR CIRCUIT FOR INCREASING OUTPUT VOLTAGE 


Vout 


Output Current = 
Ry 


CURRENT REGULATOR 


13 V< Vy < 25" 


3.08 
| : 0.33 uF 
OUT (MAX 

B(Q1) > ae) | 


-7. V< -Vin <-17¥ REG (MAX) = 


B(Q1) Vv 


0.9 £(Q 
ae < a BE(Q1) 


IREG !REG(MAX) (6+1) — '|OUT(MAX) 


0.5 TO 10 V REGULATOR HIGH CURRENT VOLTAGE REGULATOR 


HATBXX 


i : OUTPUT 
BATEXX * 


BV BE (01) 
'REG(MAX) (8+1) — }OUT(MAX) 


HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED + TRACKING VOLTAGE REGULATOR 
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FAIRCHILD ¢ ,A7800 SERIES _ity. 


TYPICAL APPLICATIONS (Cont'd) 


+ QUTPUT 
* 


—QUTPUT 


POSITIVE AND NEGATIVE REGULATOR NEGATIVE OUTPUT VOLTAGE CItRCUIT 


=z 


st 
en ace 
1 vA7BXX 
} somo Ls 
Z 


DUAL SUPPLY 
SWITCHING REGULATOR OPERATIONAL AMPLIFIER SUPPLY (+15 V @ 1.0 A) 


HIGH INPUT VOLTAGE CIRCUITS 
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A109 - pA209 
5 VOLT REGULATOR 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


“ft 


GENERAL DESCRIPTION — The+109 and 209 are compiete Five Volt Regulators constructed using 
the Fairchild Ptanar* epitaxial precess. These regulators employ internal current limiting, thermal 
shutdown and safe-area compensation making them essentially indestructible. They are intended for 
use as focal regulators, eliminating noise and distribution problems associated with single point regula- 
tion. If adequate heat sinking is provided, they can provide over 1A output current. The 109 and 209 
are intended primarily for use with TTL and DTL fogic and are completely specified under worst case 
conditions to match the power supply requirements of these logic families. In addition to use as a 
fixed 5 V regulator, these devices can be used with external components to obtain adjustable output 
voltages and currents and as the power pass element in precision regulators. 


* 


OUTPUT CURRENT IN EXCESS OF TA 

SPECIFIED TO MATCH WORST CASE TTL AND DTL REQUIREMENTS 
NO EXTERNAL COMPONENTS 

INTERNAL THERMAL OVERLOAD PROTECTION 

OUTPUT TRANSISTOR SAFE-AREA COMPENSATION 


eeeee¢ 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage . 35 V 
Internal Power Dissipation Internally Limited 
Storage Température Range —65°C to +150°C 
Operating Junction Temperature Range 
Military Grade (uA109) —55°C to +150°C 
Industrial Grade (uA209) —25°C to +150°C 
Lead Temperature (Soldering, 60 seconds) 300°C 


EQUIVALENT CIRCUIT 
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CONNECTION DIAGRAM 
TO-3 PACKAGE 
(TOP VIEW) 


Case is connected to ground. 


ORDER INFORMATION 
TYPE PART NO. 
pA109 pA109KM 
nA209 vA209KM 





*Planar is a patented Fairchild process. : 


a 


FAIRCHILD ¢ A109 ¢ ».A209 






ELECTRICAL CHARACTERISTICS: Ty = —55°C to +150°C for 109, —25°C to +150°C for 209, Vin = 10 V, IouT = 0.5 A, unless 
otherwise specified 


MAX UNITS 


=| 
< 
n°) 


CHARACTERISTICS ; CONDITIONS 


Output Voltage Ty= 25°C 
Line Regulation Ty = 25°C, 7 V <Vin <25V E 


co) 
w 
< 


Load Regulation Ty = 25°C, 5 mA <Ilgut <1.5A 


3 
< 


= 
< 


Output Voltage 8 V <Vin <20 V,5 mA <lout <1 A, P<15 W pas 
Quiescent Current = eee ee 


Current Change 
with Load 5 mA <louT <= 1.0A 


Output Noise Voitage Ta = 25°C, 10 Hz <f<100 kHz | | | 


— 
am 
W 
N 
4] 
°o 
O 


Thermal Resistance Junction to Case (Note 1) °C/W 


Long Term Stability 


NOTE1: Without a heat sink, the thermal resistance is 8 ya(max) 45° C/W. With a heat sink, the effective thermal resistance can only 
approach the values specified, depending on the efficiency of the sink. 





TYPICAL PERFORMANCE CURVES FOR A109 AND 4.A209 






MAXIMUM AVERAGE 

POWER DISSIPATION . OUTPUT IMPEDANCE PEAK GUTPUT CURRENT 

AS A FUNCTION OF AS A FUNCTION AS A FUNCTION 
AMBIENT TEMPERATURE 





OF FREQUENCY OF INPUT VOLTAGE 
40 

































































POWER DISSIPATION - W 






OUTPUT IMPEDANCE — &t 





OUTPUT CURRENT ~ AMP 




















AMBIENT TEMPERATURE ~ °C FREQUENCY ~ Hz INPUT VOLTAGE — V 


RIPPLE REJECTION 
AS A FUNCTION 
OF FREQUENCY 














DROPOUT VOLTAGE 




















RIPPLE REJECTION — dB 





INPUT — OUTPUT DIFFERENTIAL — ¥ 












—75 -50 





-25 0 





2 
JUNCTION TEMPERATURE ~ °C 


75 «100 125 150 





FREQUENCY — Hz 
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OUTPUT VOLTAGE - ¥ 


FAIRCHILD © A109 ¢ »A209 


TYPICAL PERFORMANCE CURVES FOR yvA109 AND A209 (Cont'd) 


DROPOUT CHARACTERISTIC 








OUTPUT VOLTAGE - V 





OUTPUT VOLTAGE 
AS A FUNCTION 


OF JUNCTION TEMPERATURE 











(NPUT VOLTAGE — V 


QUIESCENT CURRENT 
AS A FUNCTION OF 
TEMPERATURE 





QUIESCENT CURRENT — mA 


7 50 75 100 125 150 
JUNCTION TEMPERATURE — °C 


7 100 #125 $50 


JUNCTION TEMPERATURE — °C 


APPLICATIONS 


FIXED 5 V REGULATOR 


OUTPUT 
5V 


NOTES: 

*Required if regulator is located an appreciable 
distance from power supply filter. 

tAlIthough no output capacitor is needed for 
stability, it does improve transient response. 
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OUTPUT NOISE VOLTAGE 
AS A FUNCTION OF FREQUENCY 


NOISE VOLTAGE — pV/\/ Hz 





FREQUENCY - Hz 


QUIESCENT CURRENT 
AS A FUNCTION 
OF INPUT VOLTAGE 


QUIESCENT CURRENT — mA 


RASS ESS 
soi | [i Pit tt] | 
5 


10 





r | 


1 20 25 


INPUT VOLTAGE - V 


TRACKING VOLTAGE REGULATOR 


2N6124 





FAIRCHILD © uA109¢ A209. 


APPLICATIONS (Cont'd) 


ADJUSTABLE OUTPUT REGULATOR 


CURRENT REGULATOR 


NOTE: *Determines output current. 


POSITIVE AND NEGATIVE REGULATOR 


+ OUTPUT 
0 


e 
—OQUTPUT 
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pA3O9 
S VOLT REGULATOR 


FAIRCHILD LINEAR INTEGRATED CIRCUIT 


GENERAL DESCRIPTION — The*309 is a monolithic 5 Volt Regulator constructed using the 
Fairchild Planar* epitaxial process. This regulator employs internal current limiting, thermal shutdown CONNECTION DIAGRAM 
and safe-area compensation making it essentially indestructable. The 309 is intended for use as a TO-3 PACKAGE 

local reguiator, eliminating noise and distribution problems associated with single point regulation. (TOP VIEW) 

If adequate heat sinking is provided, it can provide over 1A output current. The 309 is intended 
primarily for use with TTL and DTL logic and is completely specified under worst case conditions to 
match the power supply requirements of these logic families. in addition to use as a fixed 5 volt 
regulator, this device can be used with external components to obtain adjustable output voltages and 
currents and as the power pass element in precision regulators. 


fad 


OUTPUT CURRENT IN EXCESS OF 1 AMP 

SPECIFIED TO MATCH WORST CASE TTL AND DTL REQUIREMENTS 
NO EXTERNAL COMPONENTS 

INTERNAL THERMAL OVERLOAD PROTECTION 

OUTPUT TRANSISTOR SAFE-AREA COMPENSATION 

INTERNAL SHORT CIRCUIT LIMITING 

ABSOLUTE MAXIMUM RATINGS Coee is connected to ground, 
input Voltage ; 3S Vv . 
Internal Power Dissipation Internally Limited ORDER INFORMATION 
Storage Temperature Range “~ ~65°C to +150°C TYPE PART NO. 
Operating Junction Temperature Range 0°C to +125°C pA308 BAIOBKC 
Lead Temperature (Soldering, 60 s time limit) 300°C : 





EQUIVALENT CIRCUIT 








a “Planar is 3 patented Fairchild provers. 
761 | . : 





FAIRCHILD ¢ A309 


_ ELECTRICAL CHARACTERISTICS: Note 1 


CHARACTERISTICS CONDITIONS MIN TYP MAX UNITS 







Ty=25°C ay | 






Line Regulation ~~ ; 
a ee 7.0V.< Vin <= 25V 


; Ty= 25°C 
Load Regulation mV 
5.0 mA < IQuT <1.5A 
70V <ViIn <25V 
5.0 mA < IguT <1.0.A | V 


Output Voltage 





P<20W 


AST ee rae [withtine (| So 7.OVSVin<mvCOT 
5.0 mA < tour <10A ee 
10 Hz < f < 100 kHz | 
fee te me eee 


<* 


Output Noise Voltage 


Long Term Stability 


NOTE: ae : . 
1. Uniess otherwise specified, these specifications apply for OC < Ty <.125°C, Vin, = 10 V and lout = 0.5 A. 


a i DESIGN CONSIDERATIONS 


#A309 regulators have thermal overload protection from excessive power, internal short circuit protection which limits each circuit's maximum 
current, and output transistor safe area protection for reducing the output.current as the voltage across.each pass transistor is increased. 


Although the internal power dissipation ‘is limited, the junction temperature must be kept below the maximum specified temperature (125°C) 
in order to meet data sheet specifications. To calculate the maximum junction temperature or heat sink required, the following thermal resist- 
ance values should be used: 


TYP MAX TYP MAX 
PACKAGE 95C : 63C OIA OA 
 T0-3 3.5°C/W 5.5°C/W 40°C/w 45°C/W 
TJ (MAX) ~ TA | TJ (MAX) — T 
Z A 
PD. (MAX) = —————————- or 2 _ (Without a heat sink) 
C+ 9CA OSA 


8cA = %cst esa 


Solving for Ty: Ty= Ta t+ Po (0jc + Ocal or Ta + Ppd ya (Without heat sink) 


Where Ty Junction Temperature # jc = Junction to case thermal resistance 
Ta = Ambient Temperature ; 8CA = Case to ambient thermal resistance 
Pp = Power Dissipation 8cg = Case to ambient thermal resistance 


4 JA = Junction to ambient thermal resistance Aga = Heat sink to ambient thermal resistance | 


7 TO-3 PACKAGE 
MAXIMUM AVERAGE 
POWER DISSIPATION 























» POWER DISSIPATION -.W 














AMBIENT TEMPERATURE - °C 


OUTPUT VOLTAGE - ¥ 


RIPPLE REJECTION - 48 


QUIESCENT CURRENT - mA 


OF 











JUNCTION TEMPERATURE 


FAIRCHILD © A309 


TYPICAL PERFORMANCE CURVES 


OUTPUT IMPEDANCE 
AS A FUNCTION 
OF FREQUENCY 


OUTPUT VOLTAGE 
AS A FUNCTION 





' OUTPUT IMPEDANCE - 2 





Fo] 50 td 100 1 
JUNCTION TEMPERATURE ~ °C FREQUENCY - Hz 


RIPPLE REJECTION 
AS A FUNCTION 


OF FREQUENCY DROPOUT VOLTAGE 


INPUT - OUTPUT DIFFERENTIAL - ¥ 


JUNCTION TEMPERATURE - °C 


QUIESCENT CURRENT 
AS A FUNCTION 
OF INPUT VOLTAGE 


AS A FUNCTION 








QUIESCENT CURRENT ~ mA 








QUIESCENT CURRENT . 


OF JUNCTION TEMPERATURE 
x) 


PEAK OUTPUT CURRENT 
AS A FUNCTION 


OF INPUT VOLTAGE 


OUTPUT CURRENT - AMP, 


OUTPUT VOLTAGE - ¥ 


INPUT VOLTAGE - ¥ 


AS A FUNCTION 


OF FREQUENCY 














NOISE VOLTAGE - pVAVFZ 


ED 

























i 
100 


Ww ib a ra 10 
_ INPUT VOLTAGE - V 7 JUNCTION TEMPERATURE - °C FREQUENCY - Hz 
APPLICATIONS 
FIXED 5 V REGULATOR CURRENT REGULATOR 





NOTES: 


* Required if regulator is located an appreciable 
distance from power supply filter. 


tAithough no output capacitor is needed for 
stability, it does improve transient response. 
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NOTES: 


*Determines output current, 











OUTPUT NOISE VOLTAGE 


















: HA78CB 
_ POSITIVE 13.8 V, 2 AMP VOLTAGE REGULATOR 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


ht 


GENERAL DESCRIPTION — The 2A78CB is a monolithic 3-Terminal Positive Regulator 


Se! NNECTION 
with a 13.8 V nominal output voltage. With adequate heat sinking, it can deliver output ad bi eee 
Current in excess of 2.0 A. Just like its predecessors, the industry standard wAT8O0 (SIDE VIEW) 


series of regulators, the uA78CB employs current limiting, thermal shutdown and safe 
atea protection and is essentially indestructible. The device is intended as a fixed volt- 
age regulator for heme base CB stations, and power supplies for driving automotive 
accessories directly from the AC line through a transformer, a fullwave rectifier and a 
filter capacitor. In addition to use as a fixed voltage regulator, the 4A78CB can be used 
with external components to obtain adjustable output voltages and/or increased out- 
put currents. 


@ OUTPUT VOLTAGE OF 13.8 V 
@ OUTPUT CURRENT IN EXCESS OF 2 A 
@ 20 W POWER DISSIPATION 
@ NO EXTERNAL COMPONENTS 
© INTERNAL THERMAL OVERLOAD PROTECTION 
_@ INTERNAL SHORT CIRCUIT CURRENT LIMITING 
§ OUTPUT TRANSISTOR SAFE AREA COMPENSATION 
@ AVAILABLE IN THE TO-220 AND THE TO-3 PACKAGE 





ORDER INFORMATION 





OUTPUT 
ABSOLUTE MAXIMUM RATINGS VOLTAGE TYPE PART NO. 
’ Input Voltage 35 V 13.8V uATBECB pAT7ECBUC 
internal Power Dissipation internally Limited 
Storage Temperature Range —65°C to +150°C 
Operating Junction Temperature Range O°C to +150°C 
Lead Temperature 
(Soldering, 60 s time limit) TO-3 Package 300°C TO-3 PACKAGE 
(Soldering, 10 s time limit) TO-220 Package 230°C (TOP VIEW) 
EQUIVALENT CIRCUIT 
COMMON (3) 
GuUTPUT (2) 
WPUT {1) 


ORDER INFORMATION 


OUTPUT 
VOLTAGE TYPE PART NO. 
13.8V ywA78CB ywA7ECBKC 


Ke 
Pel fe. fe 





FAIRCHILD © ,A78CB . 


ELECTRICAL CHARACTERISTICS: Vin = 19 V, lguT = 1.0 A, O°C < Ty < 125°C, Ciy = 0.33 uF, Coyrt = 0.1 uF, 
unless otherwise specitied ; 


CHARACTERISTICS 
Output Voltage Ty = 25°C 


Line Regulation , Ty = 25°C, 17 VS Vin S25 V | 
5 mA S lout S$ 2.0A 


Load Regulation Ty = 25°C 


47] 


O.5A< Igy isa 
IW7VS<ViIN S23 V 


Output Voltage 





5 MAS IoguT S$ 2.0A 


Quiescent Current Ty = 25°C 


Quiescent Current Change ~* [with fine 17 V S VIN S 25 V 


Output Noise Voltage Ta = 25°C, 10 Hz < f S 100 kHz 
Ripple Rejection f= 120 Hz, 17 < Vin < 22 V 


~ 
on 


Dropout Voltage lout = 2.0 A, Ty = 25°C 
Short Circuit Current Ty = 25°C 
Peak Output Current 


Average Temperature Coefficient of 
Output Voltage lout = 5 mA, O°C S Ty S 125°C 


w v 


_ 
ed 
~~ 
~l 
= 


TYPICAL PERFORMANCE CURVES 


PEAK OUTPUT CURRENT AS A WORST CASE POWER DISSIPATION WORST CASE POWER DISSIPATION 
FUNCTION OF INPUT/OUTPUT VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 
DIFFERENTIAL VOLTAGE - (TO-220) 
24 24 


6jc = 8°C/W 83C = 5.5°C/W 
BJA = 65°C/W 6ja = 46°C/w 
TyMAX = 160°C TyMAX = 150°C 


OUTPUT CURRENT - A 
POWER DISSIPATION -— W 
POWER DISSIPATION — W 


INPUT — OUTPUT DIFFERENTIAL — V AMBIENT TEMPERATURE - °C 


NOTES: 
t. Although no output capacitor is needed for stabiltty, it dees improve transient response. 
2. C4 required if regulator is located an apprecrable distance from power supply filter. 





FIXED OUTPUT REGULATOR 


ser i ot bees cig ear eek ais ba i ; 
Fite eS an fe | 2 mad ee ee Se. Sei chees soe 





FAIRCHILD « ,A78CB 


TYPICAL APPLICATIONS (Cont'd) 


BASIC REGULATED POWER SUPPLY FOR ne ee 
CB HOME BASE STATIONS OUTS SNEG IR oe 


- CIRCUIT FOR INCREASING OUTPUT VOLTAGE 


2N6613 


c1 3 


| 0.33 yF 


IOUT(MAX} > S(Q1) x 2 


re eee B(Q1) VBE(Q1) 
IREG IREG(MAX) (6 + 1) — tOUT(MAX) 


HIGH CURRENT VOLTAGE REGULATOR 


.9 
RSC = icc 
AVBE(Q1) 


1 Te tL a eaeneaeaeel 
IREG(MAX) (6 + 1} — lOUT(MAX) 


HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED 





FAIRCHILD ¢ ,A78CB 


” 
* 


DESIGN CONSIDERATIONS — The wA78CB voltage regulator has thermal overload protection from excessive power, in- 
- ternal short circuit protection which limits the regulator's maximum current, and output transistor safe area compensa- 
tion for reducting the output current as the voltage across the pass transistor is increased. 


Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified 
_ temperature of 125°C in order to meet data sheet specifications. To calculate the maximum junction temperature or heat 
sink required, the following thermal resistance values should be used: 


TYP MAX TYP MAX 
PACKAGE 8c GjA .. GIA 


TO-3 5. 5.5 40 45 
TO-220 : 5.0 60 65 


» 
& 


TU(MAX) — TA TJ(MAX) — TA(Without a heat sink) 


P = ——_—————-. or 
eee 9yc + 8ca Qa 


9cA = 9cs + 8SA 
solving for Ty: Ty = Ta + Pp (8c + Oca) or Ta + POQgA (without a heat sink) 


where Ty = Junction Temperature @jc = Junction to case thermal resistance 
Ta = Ambient Temperature @cA = Case to ambient thermal resistance 
Pp = Power Dissipation 8cs = Case to heat sink thermal resistance 
8SA = Heat sink to ambient thermal resistance 
685A = Junction to ambient thermal resistance 
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SH123 © SH223 e SH323 
3-TERMINAL VOLTAGE REGULATORS 


FAIRCHILD HYBRID PRODUCTS 


GENERAL DESCRIPTION — The SH123/SH223/SH323 are hybrid integrated circuit 
positive voltage regulators. The output voitage is 5 V +200 mV and the output current 
capability exceeds 3.0 A. Internal current limiting and thermal shutdown circuitry make 
the device essentially indestructible. The SH123/SH223/SH323 are intended for a wide 
range of systems where a regulated 5 V supply is required and can be used for a variety 
of on-card regulation and circuit isolation applications. 


3 A OUTPUT CURRENT 

NO EXTERNAL COMPONENTS 

INTERNAL THERMAL OVERLOAD PROTECTION 
INTERNAL SHORT CIRCUIT CURRENT LIMITING 
STANDARD TO-3 PACKAGE 


o@¢@0e0080 80 


ABSOLUTE MAXIMUM RATINGS (SH323) 
Input Voltage 
Internal Power Dissipation 
Operating Junction Temperature Range 
Storage Temperature 


25 V 

50 W @ 25°C Case 
O°C to +150°C 
—55°C to +150°C 


ELECTRICAL CHARACTERISTICS: Vijy = 10 V, IouT = 2.0 A, Tc = 25°C, unless otherwise specified 





Vin = 10 V, lout = 2.0 A, Tg = 25°C 
8.5V< Vin <20V 
10 mA < IgyuT < 3.0 A 


louT = OA 
10 mA < IguT < 3.0 A* 


f = 120 Hz, IoyT = 1.0 A 


*Maximum power dissipation must be observed. (See Maximum Power Dissipation graph.) 


Output Voltage 
Line Regulation 
Load Regulation 
Quiesgent Current 
























Input Voltage 
Rippte Rejection 
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CONNECTION DIAGRAM 
TO-3 PACKAGE 
(TOP VIEW) 


COMMON {3) 


(INPUT (1) 


ORDER INFORMATION 


OPERATING 
TEMPERATURE 
RANGE (JUNCTION) 
-55°C to 150°C 

0°C to 150°C 
-28°C to 150% 





BA a ee ee | Oe 





FAIRCHILD © $H123/SH223/SH323 


Pp ~ POWER DISSIPATION — W 


MAXIMUM POWER DISSIPATION. 


80 106 120 140 =«160 
Tc — CASE TEMPERATURE. - °C 


TYPICAL APPLICATION 


tt Required if ragulator is located an appreciable 
distance from power supply filter. 





” 
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HA78HOO/HA78HG SERIES 
5 AMP VOLTAGE REGULATOR 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


h 


GENERAL DESCRIPTION 

Fixed Output — The uA78HOO series hybrids are regulators with fixed output voltages CONNECTION DIAGRAMS 
and 5A output current capability with all the inherent characteristics of the monolithic TO-3 PACKAGE 
3-terminal regulators, i.e., full thermal overload, short-circuit and safe-area protection. (TOP VIEW) 


The #A78HOO0 is packaged in a hermetically sealed TO-3 providing 50 W power dissipa- 
tion. The regulator consists of a monolithic chip driving a discrete series-pass element 
and two short-circuit detection transistors. A beryllium-oxide substrate is used in con- 
junction with an isothermal layout to optimize the thermal characteristics of the device 
and still maintain electrical isolation between the various chips. This unique circuit de- 
sign limits the maximum junction temperature of the power output transistor to provide 
full automatic thermal overload protection. If the safe operating area is ever exceeded, 
the device simply shuts down, rather than failing or damaging other system compo- 
nents. This feature eliminates the need to design costly output circuitry and overly con- 
servative heat sinking arrangements typical! of high-current regulators built from dis- 
crete components. 


COMMON (3) 


Adjustable Regulators — The uA78HG is an adjustable 4-terminal positive voltage regu- 
lator capable of supplying in excess of 5 A over a 5.0 V to 24 V output range. The same 
features and construction details of the “A78HOO series have been incorporated into the 
. : : VOLTAGE 
HATBHG. Only two (2) external resistors are required to set the output voltage. Input 
d ‘ Rouild b diol : filteri d ‘ 5.0V 78HOSC ywA78HOSKC 
and output capacitors should be used to improve input filtering an transient response. 12V 78H12C yA78H12KC 


15V 78H15C ywA78H15KC 


ORDER INFORMATION 
TYPE PART NO. 


OUTPUT 


5 A OUTPUT CURRENT | TO-3 PACKAGE 
INTERNAL CURRENT AND THERMAL LIMITING (TOP VIEW) 
INTERNAL SHORT-CIRCUIT CURRENT LIMIT : 

LOW DROP-OUT VOLTAGE 

50 W POWER DISSIPATION 


COMMON 


ABSOLUTE MAXIMUM RATINGS 
Input Voltage | 


pBATBHOS, 12, 15 ; 25 V 
LA78HG 40 V 

Internal Power Dissipation . 50W @ 25°C Case 

Maximum input-to-Output Voltage Differential .25V 

Operating Junction Temperature Range Pyrat es INFORMATION 
MATBHOOC (fixed voltage series) —0°C to 150°C VOLTAGE TYPE PART NO. 
HATBHGC (adjustable voltage series) —O°C to 150°C 5-24V 78HGC pA78HGKC 
Military Temperature Range (consult factory) —55°C to 150°C Adjustable -_ 

Storage Temperature Range —55°C to 150°C 





Lead Temperature (Soldering, 60 s) : 300°C 
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FAIRCHILD ¢ ,A78H00/,A78HG SERIES 


BLOCK DIAGRAM — FIXED OUTPUT 78HOO SERIES 
(1) INPUT (Vin) 


SERIES 
CURRENT SOURCE 


START VOLTAGE 
CIRCUIT REGULATOR 


CIRCUIT 


SHORT (2) OUTPUT (Vout) 
O 
PROTECTION OUTPUT CIRCUIT 


(3) COMMON 
—O 


BLOCK DIAGRAM — ADJUSTABLE OUTPUT 78HG 
: (t) INPUT (Ving) 


SHUTDOWN 


ep SERIES 
CURRENT SOURCE PASS 
THERMAL ELEMENT 


START VOLTAGE 
CIRCUIT REGULATOR 


SHORT 
CIRCUIT 


{2} OUTPUT (VouT) 
PROTECTION : 


OUTPUT CIRCUIT 


{3} CONTROL | 
eo 


e 
{4) COMMON 


ELECTRICAL CHARACTERISTICS: Tj = 25°C, lout = 2.0 A unless otherwise specified. 


pATBHO5C 
CHARACTERISTICS CONDITIONS UNITS 
ee ee 


OR 
Dropout Voltage 

Tossa SOS 
Short Greuit Gurentime | Vw=tov 
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FAIRCHILD © :A78H00/,A78HG SERIES 


ELECTRICAL CHARACTERISTICS: Ty = 25°C, IouT = 2.0 A unless otherwise specified. 
HA78H12C 


CHARACTERISTICS CONDITIONS 


| Min | 
Output Voltage lout = 2.0 A, Vin = 19 V Eire 
Line Regulation (Note 1) VIN = 16 to 25 V ta 
Load Regulation (Note 1) 10 MA < IgyT S$ 5.0A, Vin = 19 V bese <4 
Quiescent Current lout = 9. Vin=Voutt+5.0V = Ed 

| 60 | 


Ripple Rejection lout = 1.0 A, f = 210 Hz, 5.0 V P-P 


Output Noise 1OH2<f<100kHz,Vin=Vourt5.0v {| | 7 | | 
PIGS O OG eee 

Dropout Voltage ETT | {sof} 

| re eS ee 


Short Circuit Current Limit VIN=19V 


ELECTRICAL CHARACTERISTICS: Ty = 25°C, lout = 2.0 A unless otherwise specified. 


ONS “UA7TBH15C 
CHARACTERISTICS CONDITION 
p min | typ | Max 


[p=s0nSCSC~dYSC(C<‘i 
Short Circuit Current Limit fo ovn=20v-0—ssti—i<i‘<‘w'i 


ELECTRICAL CHARACTERISTICS: T, = 25°C, lout = 2.0 A unless otherwise specified. 


HATBHGC (Adjustable) 5 
CHARACTERISTICS CONDITIONS UNIT: 
Output Voltage lout = 2.0A, Vin = VouT + 3.5 V | 50 [NT ae | Vv 


Ripple Rejection lout = 1.0 A, f = 210 Hz, 5.0 VP-P | eo} ff 
ene P o=50A re —( tstSsC Cd to 
| ee eee (NE (er ad 


Vv 
Short Circuit Current Limit VIN = 10V ff 70 | LA k 
V Pe 


Control Pin Voltage VIN= 10V | 48] 50 | 52 | 
NOTES: 


1. Load and line regulation are specified at constant junction temperature. Pulse testing is required with a pulse width < 1 ms and a duty cycle < 5%. 
Full Kelvin connection methods must be used to measure these parameters. ; 
2. The performance characteristics of the adjustable series (zA78HG) is specified for Vout = 5.0 V. 


3. Vout for WA78HG) is defined as Voyt = £2 ie (Vcont) 
: R 
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FAIRCHILD © ,A78H00/:A78HG SERIES 





BASIC TEST CIRCUITS 


pA7BHOO SERIES : pATSHG | 
FIXED OUTPUT VOLTAGE ADJUSTABLE OUTPUT VOLTAGE 


TYPICAL PERFORMANCE CHARACTERISTICS 


OUTPUT VOLTAGE DEVIATION 
MAXIMUM AS A FUNCTION OF 


POWER DISSIPATION 
oe 


SHORT CIRCUIT CURRENT ; DROP OUT VOLTAGE 
4.0 


7 


FAIRCHILD ¢ pA78H00/,A78HG SERIES 


DESIGN CONSIDERATIONS 

78HOO Series — The zA78HO0 fixed voltage regulator series has thermal overload protection from excessive power, internal 
short circuit protection which limits the circuit's maximum current, and output transistor safe area compensation to pre- 
vent excessive instantaneous power appearing across the pass transistor as the voltage across it increases. Thus, the device 
is fully protected from all overload abnormalities. 


78HG Series — The uvA78HG variable voltage regulator has an output voltage which varies from VCONTROL to typically 
VIN — 3.0 V by VouT = VCONTROL {(R1 + R2)/R2. The nominal reference in the uA78HG is 5.0 V. If we allow 1.0 mA to 
flow in the control string to eliminate bias current effects, we can make R2 = 5 kQ in the wA78HG. The output voltage is 
then: VouT = (R1 + R2) V, where R1 and R2 are in kQs. 


“ 


Example: if R2 = 5 kQ and R1 = 10 kQ then Vout = 15 V nominal, for the uA78HG. 


By proper wiring of the feedback resistors, load regulation of the devices can be improved significantly. 


The regulators have thermal overload protection from excessive power, internal short circuit protection which limits each 
circuit's maximum currént, and output transistor safe area protection to prevent excessive instantaneous power appear- 
ing across the pass transistor as the voltage across it increases. Thus the device is fully protected from all overload abnor- 
malities. 


Although the interna! power dissipation is limited, the junction temperature must be kept below the maximum specified 
temperature (125°C) in order to meet data sheet specifications. To calculate the maximum junction temperature or heat 
sink required, the following thermal resistance values should be used: : 


TYP MAX TYP MAX — 
PACKAGE 85c 8c O5A BJA 
ros | zo | es | oe | 


TJ(MAX) — TA = TJ(MAX) — TA 
8jc + OCA BJA 
8cA = 8cs + OSA 


PD(MAX) = 


Solving for T. J T = =TA + Pp (8jc + 8ca) or Ta a PDEA (Without heat sink) | 


Where: 


Tj = Junction Temperature 

Ta = Ambient Temperature 

Pp = Power Dissipation 

8jc = Junction to case thermal resistance 
8cA = Case to ambient thermal resistance 
8cg = Case to heat sink thermal resistance: 

8SA = Heat sink to ambient thermal resistance 
83a = Junction to ambient thermal resistance 
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FAIRCHILD e .A78H00/yA78HG SERIES 






n 











TYPICAL APPLICATIONS FOR »A78H00/78HG SERIES 


in many applications, compensation capacitors may not be required. However, for stable operation of the regulator over 
all input voltage and output current ranges, bypassing of the input and output (1.0 uF solid tantalum and 0.1 uF respec- 
tively) is recommended. Input bypassing is necessary if the regulator is located far from the filter capacitor of the power 
supply. Bypassing the output will improve the transient response of the regulator. 





5 AMP REGULATOR TRIMMING OUTPUT TO 5 V 


- -§VTO-15V 
REGULATED ~ 


_ ADJUSTABLE VOLTAGE OUTPUT 
GIGNAL DRIVER/MODULATOR _<. 5-20VOLTS 





pATSHG 












0 
VIN 


CIN = 1.0 pF 


COMM 
O 


Vout = (Aisn2 ) controt 


VCONTROL NOMINAL = 5 V" 
R2 CURRENT ~1mA | 
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uA79MOO SERIES | 


3-TERMINAL NEGATIVE VOLTAGE REGULATORS 
FAIRCHILD LINEAR INTEGRATED CIRCUITS 


“s 


GENERAL DESCRIPTION — The nA79M00 series of 3-Terminal Medium Current Negative Voitage 
Reguistors are constructed using the Fairchild Planar® epitaxial process. These regulators employ 
internal current limiting, thermal shutdewn and safe area compensation making them essentially 
indestructible. If adequate heat sinking is provided, they can deliver up to 500 mA output current. 
They are intended as fixed voltage regulators in 3 wide range of applications including local (on-card) 
regulation for elimination of fhoise and distribution problems associated with single point regulation. 
In addition to use as fixed voltage regulators, these devices can be used with external components to 


obtain adjustable output voltages and currents. 


CONNECTION DIAGRAMS 
TO-39 PACKAGE 
(TOP VIEW) 


@ OUTPUT CURRENT IN EXCESS OF 0.5 A 
@ INTERNAL THERMAL OVERLOAD PROTECTION 
© INTERNAL SHORT CIRCUIT CURRENT LIMITING 
© OUTPUT TRANSISTOR SAFE AREA COMPENSATION 
@ AVAILABLE IN JEDEC T0220 AND TO-38 PACKAGES 
© OUTPUT VOLTAGES OF -6 V, ~6 V, -8 V, -12 V, —15 V, -20 V AND -24V 
ABSOLUTE MAXIMUM RATINGS 
input Voltage - 
pe abeowiae w > . ORDER INFORMATION 
internal Power Dissipation Internatly Limited OUTPUT 
iisotaas Touwperasiies Genee vottage PARTNO. PART NO. 
TO-38 —65°C to +150°C ~5V yA TOIMOSHM “LA7TIMOSAHC 
TO-220 and Power Tab —58°C to +126°C -6V yAT9MOGHM HA7EMOBAHC 
Operating Junction Temperature Range _ -8V yATOMOBHM yA 79MOBAHC 
TO-39 Military (uA79M00) —65°C to +150°C -12V 4A7O8M12HM 2ZA79MIZAHC 
Commercial (uA79MO0C) 0°C to +150°C -~15V yA TOMISHM wA7OMISAHC 
TO-220 Commercial (uA 79MO00C) O°C to +150°C —20V ywA79M20HM uA 7EM20AHC 
Lead Temperature (Soldering, 60 s) TO-38 seid —-24V yA TOM24HM yA 78M24AHC 





(Soldering, 10,5} TO-220 and Power Tab 


CONNECTION DIAGRAMS 
POWER TAB PACKAGES 


(TO-202 EQUIVALENT) 





TO-220 PACKAGE 


ORDER INFORMATION 


PART NO. 


pA 78M05AUC 
uA 7T9MOGAUC 
uA TOMOBAUC 
uA 7EM12AUC 
uA 79M15AUC 
uA 79M20AUC 
nA T9M24AUC 


OUTPUT 
VOLTAGE 


BATOAOS 
BATHS 
wATOMOE 
MATOMI2 
pATOMIS 
uAT9MZO 
wATOMI4 





* or U2C for straight heatsink. 





*Pianar is a patented Fairchild process. 


FAIRCHILD ¢ ,A79M00 SERIES 


BAT9MO5HM 


ELECTRICAL CHARACTERISTICS: Vin = —10 V, iguT = 350 mA, —55°C < Ty < 150°C, Ciy = 2 uF, Court =1 uF, unless 

. otherwise specified. Notes 1 and 2 
CHARACTERISTICS CONDITIONS (Note 3) 
Output Voltage Ty= 25°C 


—-25V <Vin <-7V 
—-18V <Vin <-8V 
Tj = 25°C, 5mA <igut <500mA 
Ty = 25°C, 5 mA < Ioyy < 350 mA 
Output Voltage —25 V < Vin <—7V,5mA < Igy < 350 mA* 
Quiescent Current Ty = 28°C 
—25V < Vin <—-8V 
5mA < touT < 350mA 
Output Noise Voitage Ta = 25°C, 10Hz < f < 100 kHz | 
risols Weleckion ~18V <Vin <-8V, | lout = 100 mA 
f= 120 Hz louT = 300 mA, Ty = 25°C 
Dropout Voltage Tj= 25°C 
Short Circuit Current Ty = 25°C, Vin = ~35 V 
Peak Output Current 
Average Temperature Coefficient of Output Voltage | IguT = 5mA —55°C < Ty < +150°C 


Line Regulation Ty= 25°C 


Load Regulation 


Quiescent Current Change 


elt | lslelstell lalelelt 


> 


| ~82 | 
inal 
ae 
a 
ae 
xy 
aes 
Ss 
a 
sae 
i es 
ies 
a 


=| p12 
8 Hlo| ol ols 


wA7T9MOSAHC AND pA79M05AUC 


ELECTRICAL CHARACTERISTICS: Vig = —10 V, IouT = 350 mA, O°C < Ty < 125°C, Cin = 2 uF, Court =1 uF, unless 
otherwise specified. 

CHARACTERISTICS CONDITIONS {Note 3) 

Output Voltage Ty* 25°C 


3 


—25V < Vin <-7V 

—18V <Vin <-8V 

Ty = 25°C, 5mA < Igut < 500mA 

Ty = 25°C, 5mA < IgyutT < 350 mA 

Output Voltage —25V < Vin < -—7V, 5mA < Igyt < 350 mA* 
Quiescent Current Ty=25°C 


Quiescant Current Change on 
mA < louy < 360mA 

Output Noise Voitage Ta = 25°C, 10Hz < f < 100 kHz 

; 3 —18 V < Vin <—8V, lout = 100 mA 
Hippie ejection £=120Hz [loyy = 300 om T)= 28°C 
Dropout Voltage Tj= 25°C 
Short Circuit Current Ty = 28°C, Vin = —30 V 
Peak Output Current 
Average Temperature Coefficient of Output Voltage 


“Pp <4W 

NOTES: 

1. See Test Circuit. 

2. The convention for negative regulators is the algebraic vafves, thus —15 V is less than —10 V. 

3. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes due to changes in internal temperature must be taken into account separately. 


Line Regulation Ty = 25°C 


LAT T | Telstelt [allele 


Load Regutation 
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FAIRCHILD ¢ ,A79M00 SERIES 


pA7SMOGHM 


ELECTRICAL CHARACTERISTICS: Vin =—11 V, iouT = 350 mA, —58°C < Ty < 150°C, Ciy =2 uF, Court =1 uF, unless 
otherwise specified. 


E 
ms) 


CHARACTERISTICS 


. CONDITIONS (Note 1) 
Output Voltage Ty= 26°C 


A 


—25V <ViIn <—-8V 

—~19V<Vin <—-9V 

Ty = 25°C, 5mA < IQyuT.< 500 mA 

Ty = 25°C, 5mA< louT <= 350 mA* 

Output Voitage —25V < Vin <—8V,5mMA « louT <350 mA* 
Quiescent Current Ty=25°C 


) [withing «| 28 VS Vin <9 
Quiescent Current-Change, -— 
| With load 5mA < !ouT < 350mA 


Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 
-19V <Vin <-9V. 


Line Regulation Ty=26°C 


Load Regulation 


b 


b 
to R 


1 =100mA 
Ripple Rejection OUT 


_ f= 120 Hz lout = 300 mA, Ty = 25°C 
Dropout Voltage Ty= 25°C 

Short Circuit Current Ty = 25°C, Vin =—35 V 

Peak Output Current 
Average Temperature Coefficient of Output Voltage | IQuT = 5 mA, —58°C < T ‘jy <+150°C 


0. 


wA79MOGAHC AND pA79MO6AUC 


ELECTRICAL CHARACTERISTICS: Viv =—11V, IouT = 350 MA, 0°C < Ty < 125°C, Ciy = 2 uF, Court = 1 HF, unless 
otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) 


Output Voltage Ty=25°C 


E 
< 
a") 


—25V < Vin < —-8 
—19V< Vin <-9V 
Ty = 25°C, 5mA < louT < 500mA 
Ty = 25°C, 5 mA < lout < 350 mA 
Output Voltage —25V < Vin <—8V,5mA < IguT < 350mA 
Quiescent Current Ty = 25°C 
—25V < Vin <—9V 
; 5mA <ioguT < 350mA 
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 
~19V <Vin <-9V, 
lout = 300 mA, Ty = 25°C 


Line Regulation Ty = 25°C 


Load Regulation 


b 


Quiescent Current Change 


Ripple Rejection 


Dropout Voltage Ty= 25°C 

Short Circuit Current Ty = 25°C, Vin = -30 V 
Peak Output Current 
Average Temperature Coefficient of Output Voltage louT =5mA 


lille 
slalalclel fal | [el lslalsis 
LLL | feltete [sells 


*Ph <4W 


NOTE: 
1. Ali characteristics except noise voltage and ripple rejection ratio are measured using pulse. techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. : 


a 
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FAIRCHILD © ,A79M00 SERIES 


pA79MO8HM 


ELECTRICAL CHARACTERISTICS: Viq =—14 V, | QuT = 350 mA, —55° C < Ty < 150° C, Cin =2uF,Cout =1uF, 
unless otherwise specified. : 
CHARACTERISTICS CONDITIONS (Note 1) 


Output Voltage 


x 


—25V < Vin <—10.5V 

—21V< Vin <-11V 
Ty = 25°C, 5mMA < IQuT < 500-mA 
Ty = 25°C, 5 mA < IguT < 350 mA 
Output Voltage —25.V < Vin < -10.5V, 5mA < lOuT < 350 mA* . 
Quiescent Current Ty = 25°C 


| ~25V < Vin <—10.5V 
Quiescent Current Change : 
withzload 5mA < louT «= 350mA 


Output Noise Voltage Ta = 25°C, 10Hz <f < 100 kHz 


Line Regulation 


Load Regulation 


> 


= R $ 
tt z 
Nis 45 
Oro J 


HV/VOUT 


dB 
Ripple Rejection 


Dropout Voltage 

Short Circuit Current Ty = 25°C, Vin =-35 V 

Peak Output Current 

Average Temperature Coefficient of Output Voltage | IQuT =5 mA, —55°C < Ty <+150°C 


ciel | ale! | {| el | | Ue 


YATSMO8BAHC AND yvA79M08AUC 


ELECTRICAL CHARACTERISTICS: Vin =—14 V, IoUT = 350 mA, 0°C < Ty < 128°C, Cy = 2 uF, Court = 1 HF, unless otherwise specified. 
CHARACTERISTICS CONDITIONS (Note 1) A UNITS 
Output Voltage Ty = 25°C F 
: 2 7 —25V < Vin < —10.5V 
Line Regulation Ty=25°C 
, —21V < Vin <-11V 
| Ty = 25°C, 5mA <i < 500 mA 
Load Regulation 3 = OUT 
Ty=25°C,5 mA < IQuT < 350 mA 
= oO 


x 


RE: 


Output Voltage —25V < Vin < —10.5V,5mA <loyuT <350mA] —8.4 
Quiescent Current Ty= 25°C 
~25V < Vin < —10.5V 
Guleasnomren cine: 
5mA « IguT < 350mA 
Qutput Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz 


—21.5V < Vin <—-11.5V, lout = 100 mA 
louT = 300 mA, Ty = 25°C 
Dropout Voltage 


Ripple Rejection 


Peak Output Current eer ea eae 
Average Temperature Coefficient of Output Voltage lout =5mA 


*Pp <4W 


~< 
me) 
1 | |= 
~ ~ 
o ~ 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 


e 
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FAIRCHILD © ».A79M00 SERIES 


pA79M12HM 


ELECTRICAL CHARACTERISTICS: Vij = —11 V, IQUT = 350 mA, —55°C < Ty < 150°C, Cyy = 2 uF, Coyt = 1 uF, 
unless otherwise specified. 

CHARACTERISTICS CONDITIONS (Note 1) 

Output Voltage Ty = 25°C . 

~3O0V <Vin < —14.5V 

—25 V< Vin <—15V 

Ty = 25°C, 5mA < IgyT.< 500mA 

Ty = 25°C, 5 MA < IgyT < 350 mA 

Output Voltage —30V < Vin < —14.5V,5mA < ig 

Quiescent Current Ty = 28°C 


—30V < Vin < -14.5V 
Gi ssrarik Claret Clciias  hn 
: 5mA < lout < 350mA 
Output Noise Voltage A = 25°C, 10Hz < f < 100 kHz 
lout = 100 mA 


lout = 300 mA, Ty = 25°C 


Line Regulation Ty=25°C 


° + 
p © 
_H8] fetal fa} | te] folalelsis 


Load Regulation 


A 
8 
3 
_ 


=| 


Ripple Rejection 


: 


Dropout Voltage T,;=25°C 

Short Circuit Current Ty = 25°C, Vin =—35 V 
Peak Output Current 
Average Temperature Coefficient of Output Voitage | lout =5 mA, —55°C < Ty < +150°C 


LATOMI2ZAHC AND pA79M12AUC 


ELECTRICAL CHARACTERISTICS: Viy = —19 V, lout = 350 mA, O°C < Ty < 125°C, CIN = 2HF, Court * 1 uF,.uniess otherwise specified. 
CHARACTERISTICS CONDITIONS (Note 1) UNITS 
Output Voitage Ty = 25°C Vv 


—30V < Vin <—-14.5V 

—25V < Vin <—-15V 

Ty = 25°C, 5mMA < IQyuT < 500mA 

Ty = 28°C, 5 mA < Igyut < 350mA 

Output Voltage —30 V < Vin < —14.5V, 5mA < lout < 350mA 
Quiescent Current Ty=25°C 


Quiescent Current Change oy SINS 1A8¥ 

: 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
—-25V <Vin <—i18V, | lout= 100mA 
f = 120 Hz louT = 300 mA, Ty = 25°C 
Dropout Voltage Ty= 26°C 
Short Circuit Current Ty = 25°C, Vin =-30 V 
Peak Output Current 
Average Temperature Coefficient of Output Voltage | IoyT =5mA 


A 


elatsl=[ol (s] | |e! [olslels|e 
LIT TT | feelete|fellele 


Line Regulation Ty=25° 


Load Regulation 


Rippte Rejection 


2/2) </S/ Sie [212 12 [< 12/2 |2 [3 


“Pp <4W 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques {ty < 10 ms, duty cycle < 5%), Output 
voltage changes due to changes in internal temperature must be taken into account separately. 





7-70 


FAIRCHILD ¢ ,A79M00 SERIES 


a 








uA7T9M15HM 
ELECTRICAL CHARACTERISTICS: Vj = —23 V, IQuT = 350 MA, OC < Ty < 128°C, Cyy = 2 HF, COUT =1 uF, unless 
otherwise specified. 
CHARACTERISTICS CONDITIONS (Note 1) | MIN | Tye | MAX | UNITS 
Tee ee a mv 
[-28V<Vin<-18V_ | 50] mv 
[Ty= 25°C, 5mA <lout <500mA_————«dtSC*d~ | 20] mv 
Load Regulation 
: PTy=25°C,5mA<tour<350mA || AB] |v 
Output Voftage —30 V < Vin <—17.5V,5mA < iguy <350 mA*|}—15.75| | -14.25] Vv 
Quiescent Current PTys28C Cd 80] ma 
|withiine | -30VS Vins -175V 00 tt ms 
Quiescent Current Change 7 
|withioad | SMASIouT<350mA | Tm 
Output Noise Voltage [Ta=25°C, 10Hz<f<t00kHz | 25 | 80 | eV/Vour 
Ripple Rejection oe '_ dB 
f = 120 Hz lout = 300mA,Ty=25°C | 54| sol |  aB 
Dropout Voltage PTy=2C tt 2s | 
Short Circuit Current Ty = 25°C, Vin = —35 V a ee A 
Peak Output Current ee ee Ss ee 
Average Temperature Coefficient of Output Voltage | igus = 5 mA, —55°C < Ty < +150°C ae ee eS mVPC/ 
VouT 


BATOMISAHC AND uA79M15AUC 


ELECTRICAL CHARACTERISTICS: Vij = —23 V, IouT = 350 mA, —55°C < Ty < 150°C, Cy = 2 uF, Court = 1 uF, unless 
otherwise specified. 

CHARACTERISTICS CONDITIONS (Note 1) 

Output Voltage Ty = 25°C 





—30 VV < Vin <—17.5V 


Line Regulation Ty; = 25°C 
: J —28V < Vin <—18V 


Tj= mA <I 
Load Regulation j= 25°C, 5mA < IguT < 500mA 








| TYP | MAX | 
| 9.0{ 80) 
[70] 50) 
Ty = 25°C, 5mA < lout < 350mA | 45] mV 
Output Voltage —30 V < Vin < —17.5V, 5mA < Igut < 350mA |-15.75| | —14.25) Vv 
Quiescent Current 4 Ty = 25°C | 4.5] 3.0) mA 
Twithline «dt 30S Vi <-t7V SCS A 
Quiescent Current Change SViNn Ss | | m 
with lod + mA < tury < 350mA Coa] ma 
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz | 375| | av 
—28.5 V < Vin <—-18.5V, lout = 100 mA 
Ripple Rejection ann IN OUT = vat eee eae = 
f = 120 Hz louT=300mA,Ty= 25°C | 54] 59] | GB 
Dropout Voltage T= 25°C ae el ee 
Short Circuit Current Ty = 25°C, Vin = —30V . | | 40] | ma 
Peak Output Current DO 
Average Temperature Coefficient of Output Voltage | lout =5mA | tof mv/?°C 
*Pp<4W 
NOTE: 


1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voitage changes due to changes in internal temperature must be taken into account separately. : 


711. 


FAIRCHILD e ,A79M00 SERIES ___.. 


BLA7TSM20HM 


ELECTRICAL CHARACTERISTICS: Vix = —29 V, louT = 350 mA, —55°C < Ty < 150° C, Cin = 2 uF, Cout = 1 uF unless 
otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) __ | min [Tye] MAX | UNITS 
Output Voltage Ty = 25°C ; | -20.8 | -20 | -19.2, Vv 
—35 V < Vin < —23 Vv 
cei Tazo evevine=v | Of 
—34V < Vin <-24V | rt 0] 70] em 
Ty = 25°C, 5mMA < IQuT < 500mA 75 Vv 
ae J= 25°C, §mA < lout < 600m de 
Ty = 25°C, 5 mA < lout < 350 mA if 50] | mv 
Output Voltage _ —35 V < Vin <—23V,5mA <igyut <350mA*| —21{ | 19] v 
Quiescent Current Ty=25°C FT 1] 3.8) mA 
eS ~[withline | —35V < Vin <—23V es ee 
Quiescent Current Change 
“|withioad | Sm < IouT < 350mA a es 9 
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz | | 26 | 80 | eV/VouT: 
“34 V < Vin <-24V, | 
aan seans iN QUT aan a a 
f= 120 Hz louT=300mA,Ty= 25°C | 4 | 58] | 
Dropout Voltage Ty = 25°C Fe he Medt |i, eee Vv 
Short Circuit Current ' Ty = 25°C, Vin =—35 V a ae A 
Peak Output Current po fost] tt 
Average Temperature Coefficient of Output Voltage | lout = 5 mA, —55°C < Ty <+150°C a mVPC 
: OUT 


BATOM20AHC AND pA7SM20AUC 


ELECTRICAL CHARACTERISTICS: Vix = —29 V, IoyT = 350 mA, O°C < Ty < 128°C, Cyxy = 2uF, Coyt=1 HF, untess 
otherwise specified. 


CHARACTERISTICS. : CONDITIONS (Note 1) | MIN | TYP [ MAX [ UNITS 
Giitrait Voltogs T)=250 20.8} -20/ 192) v 
—35 V < Vin < —23V mV 
Line Regulation Ty=25°C N= ee re 
| | “34V < Vin <-24V p10 [07 mv 
; Ty =25°C,5mA <1 < 500 mA 75 mV 
Load Regulation J —— OUT |_| 78] 300] 

Ty = 25°C, 5 MA < lout < 350 mA a ee 
Output Voltage —35 V < Vin < —-23V, 5mA < IQuT < 350mA | =21 {| 19] Vv 
Quiescent Current Ty=25°C . | 15] 3.8] mA 

, [with tine ——~S~=«d;sC BV Va 28 ee ee Ys 
Quiescent Current Change - 
SmA < lout < 350mA [04 [ma 
Output Noise Voltage Ta = 25°C, 10Hz < f < 100 kHz | | 500} |v 
—34V <Vin <—24V, | = 100 mA dB 
Ripple Rejection IN OUT - a as 
f= 120 Hz lout = 300 mA, Ty = 25°C | 54] ss{ | aB 
- Dropout Voltage Ty= 25°C - a ee Vv 
Short Circuit Current Ty = 25°C, Vin =—30 | | 140} mA 
Peak Output Current 080k 
Average Temperature Coefficient of Output Voltage lout =5mA | =n} | mVPC 
*Pp <4W . | . 
NOTE: 


1, All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 


4 





FAIRCHILD ¢ .A79M00 SERIES 


uA7T9M24HM 


ELECTRICAL CHARACTERISTICS: Vijy = —33 V, IouT = 350 mA, —55°C < Ty < 150°C, Ciy = 2 uF, COUT = 1 HF, unless 
otherwise specified. 
CHARACTERISTICS CONDITIONS (Note 1} 
Output Voltage Ty=25°C © 
: —38V < Vin <-27V 
Ty=25C - 
—38 V < Vin < —28V 


T;=25°C,5mA «! <= 500 mA 
Load Regulation J OUT 


Line Regulation 


“J < 
or vu 


~ 
Oo 


Output Voltage 

Quiescent Current 

cuieuant Curent Gnome Pe ORV 

) Fwithdoed | SmA<Igut<s50ma_SSC=S 

Output Noise Voltage | 

: ar —38 V < Vin < —28 V, 

Ripple Rejection 

| 

Dropout Voitage 

Short Circuit Current | 

fl eee 


Peak Output Current 
Average Temperature Coefficient of Output Voltage | igut =5 mA, —55°C < Ty <+150°C 


w 
a 


No 
w 


i7) 


HA7TSM24AHC AND pA79M24AUC 


ELECTRICAL CHARACTERISTICS: Vij = —33 V, |oUT = 350 mA, O°C < Ty < 128°C, Cyy = 2 uF, Court = 1 uF, unless 
_ otherwise specified. 
CHARACTERISTICS CONDITIONS (Note 1) 


Output Voltage ; Ty=25°C 


—38 V < Vin < -27V 

—38 V < Vin < —28V 

Ty = 25°C, 5mA < IQuT < 500 mA | 

Ty = 25°C, 5.mA < IguT < 350 mA 

Output Vottage —38 V < Vin < —27V,5mA « IOUT < 350m. 
Quiescent Current “| Ty =28°C 


[withing ~*~ 98 V Vin < 27 
Quiescent Current Change - eS 
with load 5mA <lguT < 350mA 


Output Noise Voltage Tp = 25°C, 10Hz <f < 100 kHz 

— -38V <Vin <-28V, | IguT=100mA 
f= 120 Hz lout = 300 mA, Ty = 25°C 

Dropout Voltage - Ty= 25°C 

Short Circuit Current Ty = 25°C, Vin = -30 V 

Peak Output Current | 


Line Regulation Ty = 25°C 


Load Regulation 


> 


~J < 
a 0 


~ 


Ripple Rejection 


Average Ternperature Coefficient of Output Voltage louT =5mA 


*Pp <4W 


NOTE: oO ; 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. : 


DC PARAMETER TEST CIRCUIT 
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FAIRCHILD © ,A79M00 SERIES | 


DESIGN CONSIDERATIONS 


The 2A78M00 fixed voitage reguiator series has thermal overioad protection from excessive power, internal short circuit protection which 
limits the circuit's maximum current, and output transistor safe area compensation for reducing the output current as the voltage across 
the pass transistor is increased. 


The safe area protection network may cause the device to latch-up if the output is shorted and the regulator is operating with high input 


voitages. This mode of operation will not damage the device. However, power (input voltage or the load) must be interrupted momentarily 
for the device to recover from the latched condition. 


Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature 
(150°C for 79M00, 125°C for 79MO0AC and 78M00C) in order to meet data sheet specifications. To calculate the maximum junction 
temperature or heat sink required, the following thermal resistance vatues should be used: 


PACKAGE 


Power Tab 
(TO-202 Equiv.) 


Where Ty = Junction Temperature 


Ta = Ambient Temperature 
Ty(max)-TA = Ty (MAX) — s 


Pp (MAX) = —————-———_—- or ——————. [Without a heat sink) Pp = Power Dissipation 
| asc + 9CA OjA - 6c = Junction to case thermat resistance 
{CA = 9cs + ISA 9CA ™ Case to ambient thermal resistance 
8cs = Case to heat sink thermai resistance 
Solving for Ty: Ty = Ta + Pol@jyct?ca) or Ta + PD 4 Ja (Without a heat sink) 85, = Heat sink to ambient thermal resistance 


@ JA = Junction to ambient thermal resistance 


WORST CASE POWER DISSIPATION WORST CASE POWER DISSIPATION 
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 


TO-220 


'@ AS CENA a OD CN GP EAA 


POWER DISSIPATION - W 
POWER DISSIPATION W 





AMBIENT TEMPERATURE — C AMBIENT TEMPERATURE -— C€ 


WORST CASE POWER DISSIPATION TYPICAL POWER DISSIPATION 
VERSUS AMBIENT TEMPERATURE VERSUS AMBIENT TEMPERATURE 
U1C/U2C 





POWER DISSIPATION — W 
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FAIRCHILD © ,A79M00 SERIES 


TYPICAL PERFORMANCE CURVES 


DROPOUT VOLTAGE OUTPUT VOLTAGE PEAK OUTPUT CURRENT AS A 
AS A FUNCTION OF AS A FUNCTION OF FUNCTION OF INPUT-OUTPUT 
_SUNCTION TEMPERATURE JUNCTION TEMPERATURE DIFFERENTIAL VOLTAGE 


OUTPUT CURRENT — mA 


HEE ara 
a ees 

2 Pee 
0.20! 


~1 ~80-2% G0 2% 50 75 1000N25 150 1 76-80 -25 0 2% 60 76 100 126 150 175 
JUNCTION TEMPERATURE — °C 3 JUNCTION TEMPERATURE — °C INPUT — OUTPUT DIFFERENTIAL - V 


INPUT - OUTPUT DIFFERENTIAL — ¥ 


DEVIATION FROM NOMINAL OUTPUT VOLTAGE 
6 
g 


RIPPLE REJECTION AS 
OUTPUT IMPEDANCE RIPPLE REJECTION A FUNCTION OF 
AS A FUNCTION OF FREQUENCY AS A FUNCTION OF FREQUENCY OUTPUT VOLTAGES 


tour tobomal TTT TTT Sem Pi ETT ee 


aie -§Vv 
225°C Vout * -5VT0-8V 


siarianianiani tate eT | eH SW 


PU tthe PTA ESA 
SHEDS 


rh rd eT TH LL 
SPU ae 
tour -ome TH ITT TL aM n= 0p 
fo ~120He i 

LCL gut 200A Tet 


1k 1k 100K IM i0M 100M 10k Ok a 6 8 WwW 12 4 16 2a 22 2 
v 


OUTPUT tMPEOANCE — 2 
RIPPLE REJECTION — cB 
AIPPLE REJECTION ~ dB 


eee 


FREQUENCY - Hz FREQUENCY — Hz NOMINAL output VOLTAGE — 


QUIESCENT CURRENT AS A 
LOAD TRANSIENT RESPONSE LINE TRANSIENT RESPONSE pcre OF INPUT VOLTAGE 
TTT. ee . 
6 Pa i 
gamer | 
SESceRnEm 


OUTPUT VOLTAGE 
|| DEVIATION 


Poet iz 
we 
Le CCoeoe) 
) oO 


OUTPUT VOLTAGE DEVIATION ~ V 
LOAD CURRENT — A 
GUTPUT VOLTAGE DEVIATION — mv 
INPUT VOLTAGE ~V 
QUIESCENT CURRENT - mA 


INPUT VOLTAGE ~V 


QUIESCENT CURRENT AS A 
FUNCTION OF TEMPERATURE 


Ta eee 
Oo a ae 
TNS ee 


QUIESCENT CURRENT — mA 


03 
-75 50-25 0 2% SO 75 100 125 180 175 
AMBIENT TEMPERATURE — °C 


NOTE : The other 1A79MO0 voltage series devices have similar performance curves. 
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FAIRCHILD ¢ ,A79M00 SERIES 


_ FYPICAL APPLICATIONS 


Bypass capacitors are recommended for. stable operation of the 79MOQ-series of regulators over the input voltage and output current ranges. 
Output bypass capacitors wil! improve the transient response of the regulator. 


The bypass capacitors, (2 uF on the input, 1 uF on the output) should be ceramic or solid tantalum which have good high frequency characte- 
ristics. If aluminum electrolytics are used, their values should be 10 “WF or targer. The bypass capacitors should be mounted with the shortest 


leads, and if possible, directly across the regulator terminals. 


) 


FIXED OUTPUT REGULATOR 


1 ; 
nes IREQ(MAX) (8 + 1) — Igy T(MAX) 
loi =KQ1}lREG 


BASIC CURRENT REGULATOR HIGH CURRENT VOLTAGE REGULATOR 


BVB_ElQt) 


IREQ(MAX) (6 + 1) —igyT (MAX) 
BVBE(Ot) 


Rep = /BE(O2) Ri = 
a7 Isc 'REQ(MAX) (6 + 1) —IgyuT(MAX) > 


HIGH OUTPUT CURRENT, FOLDBACK CURRENT LIMITED 


uA7S9M00 O Ee pA7T9M05 = 
? 


HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED 


R2 
| Vout| = Vxx (1 +55) + IQh2 


VARIABLE OUTPUT VOLTAGE REGULATOR VARIABLE OUTPUT VOLTAGE, —0.5 V TO —10 V 
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FAIRCHILD e ,A79M00 SERIES 


TYPICAL APPLICATIONS (Cont'd) 


“ 


ee vee 





O + Vout 
2N6121 


VARIABLE OUTPUT VOLTAGE, —30 V TO —7V POSITIVE AND NEGATIVE TRACKING VOLTAGE REGULATOR . 


+ 


EQUIVALENT CIRCUIT 
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¥A7900 SERIES" 


“ 


- 


3-TERMINAL NEGATIVE VOLTAGE REGULATORS 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


GENERAL DESCRIPTION — The 2A7900 series of monolithic 3-Terminal Negative Regulators is 
menufectured using the Fairchild Planer* epitaxial process. These negative regulators are intended as 
complements to the popular zA7800 series of positive voltage regulators, and they are availabie in 
the same voltage options from —§ to —24 V. The 7900s employ internal current limiting, safe-area 
protection, and thermal shutdown, making them virtually indestructible. 


OUTPUT CURRENT IN EXCESS OF 1A 

INTERNAL THERMAL OVERLOAD PROTECTION 
INTERNAL SHORT CIRCUIT CURRENT LIMITING 
OUTPUT TRANSISTOR SAFE AREA COMPENSATION 
AVAILABLE IN THE TO-220 AND THE TO-3 PACKAGE 
OUTPUT. VOLTAGES ARE 5, 6, 8, 12, 15, 18 AND 24 V 


ABSOLUTE MAXIMUM RATINGS 


a input Voltage 


(5 V through 18 V) —35V 

(24 V) —40 V 
internal Power Dissipation internally Limited 
Storage Temperature Range 

TO-3 (Al. or Steel) —65°C to +150°C 

TO-220 ~—55°C to +150°C 
Operating Junction Temperature Range 

Military (uA7900) —55°C to +150°C 

Commerciai (uA7900C) OC to +150°C 
Lead Temperature 

TO-3 (Soldering, 60 s) 300°C 

TO-220 (Soldering, 10 s) 230°C 


NOTE: The convention for Negative Regulators is the Algebraic value, thus —15 Is less than —10 V. 


EQUIVALENT CIRCUIT 





*Planar is a patented Fairchild process. 
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TO-220 PACKAGE 
(TOP VIEW) 
a OUTPUT 
.——— rg INPUT 
C+ SS 
—-—— 
aE \ common 
IN 
ORDER INFORMATION 
OUTPUT 
VOLTAGE TYPE PART NO. 
—-5V wA7906C yA7905UC 
—6V uA7906C =2A7906UC 
—-8V HAT7908C. »pA7908UC 
~-12V MA7T91I2C = »A7912UC 
—15V vwA7S15C 1»A7915UC 
—-18V wA791BC yA7918UC 
—24V uwA7924C =94tA7924UC" 


OUTPUT 
VOLTAGE 
-5V 
-6V 
-—8V 
—12V 
-15V 
-18V 
-24V 
—-5V 
—-6V 
-8V 
-12V 
—-15V 


CONNECTION DIAGRAMS 


TO-3 PACKAGE 
(TOP VIEW) 


ORDER INFORMATION 


TYPE 


»uA7905 
uA7906 
#BA7908 
uA7912 
uA7915 





PART NO, 


uA7TSOSKM 
LATSOGKM 
uATSOSKM 
uwA7912KM 
#A7915KM 
uA7918KM 
uA7S24KM 
nuA7905KC 
nA7S08KC 
uA7908KC 
wA7912KC 
nA7915KC 
uA7918KC 
uAT924KC 
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pA7908 
ELECTRICAL CHARACTERISTICS: Viny = ~14 V, IQUT = 500 mA, Cin =2uF, CouT=1HF, -55°C < Ty < 150°C, unless otherwise 
specified. 
CHARACTERISTICS [CONDITIONS (Nowe 1) ———~S*dz?CUMIN | TP _[MAX | UNITS 
Output Voltage PTyamrc we? | 8.0 3 |v 
line Ragditon ee Le eae 
PanVeVin<sv SS SSC*SSSSC~*dSC 
ius hada Desay a 
250 mA < IQuT < 750 mA | | 4.0 | 40] lm 
115 V < Vin <—23V 
Output Voltage SMA < louT <1.0A —76 pf Vv 
p< 15W 
Quiescent Current SS OE —- OO 
, with fine | ~115 V< Vin <—25V ro] ma 
Quiescent Current Change - 
5 mA <lourT <1.0A es ee 
Output Noise Voltage Ta = 28°C, 10 Hz <f < 100 kHz fT 28] 80 fe V/Vout 
Ripple Rejection f = 120 Hz, -11.5 V < Vin <—21.5V | 64 { 6 | | aB 
Dropout Voltage touT = 1.0 A, Ty = 25°C a Ee ee 
Peak Output Current PyrmereSSC~C~SSSOCCCCS SP zs 
ia SE 
Short Circuit Curent Pvine-evity-aereSS™~*~<“~*~*™YSCSC*é‘“L’WN’N:WCWUCUSN-: A 


LzA7S08C 


ELECTRICAL CHARACTERISTICS: Vin = —14 V, IouT = 500 mA, Ciy =2HF,CoyT=tuF,O°C < Ty < 125°C, unless otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) | min | TY eure 
oO t Voitage Ty = 25°C y 
_. | -10.5 V < Vin <—25V asset my. 
Line Regutation Ty 286 PV Vn <at7V aeaae mv 
5 mA <louT <15A ee wah 
ae Teac LomMASIourst§A 
Load Regulation 250 mA <IgyT < 750 mA IL ee Os my 


—10.5 V < Vin < —23 V 
Output Voltage 5 mA «< lout <1.0A 





p<15W 














4 

oO 
ele | | lessees 
{TT Teer & Pete 

< 


Quiescent Current Ue a fe Set mA 
ss cust Gave Chae —10.5 V < Vin <—25V Lenaeaad mA 
massage BMA < louT <1.0A ae mA 
Output Noise Voltage Ta = 25°C, 10 Hz, < f < 100 kHz eae pV 
Ripple Rejection f = 120 Hz, -11.5 V < Vin < —21.5V | 54 | dB 
Dropout Voltoge Piour=10ATy=2C SF SC«dSCSC*d v 
Peak Output Current ee PT A 
“Sree [eurenneeencmre OT mr 
Output Voitage ‘ 
NOTE: 


1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques ({t,, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separatety. 
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~ pA7912 
ELECTRICAL CHARACTERISTICS: Vin = -19 V, IQutT = 500 mA, Cyy = 2uF,CouT = 1uF, -55°C < Ty < 150°C, unless otherwise 
; specified. 


CHARACTERISTICS CONDITIONS (Note 1) - TY 
Output Voltage Ty = 25°C 
~145V< Vin <-—30V 
Line Regulation Ty = 25°C 
—-16V < Vin <—-22V 


5mA <1 <ibA 
aca Reguisticn | | tya28re 
250 mA « lout * 756 mA 


~155 V < Vin < —-27V 
Output Voitage 5mMA <touT<10A 
p<15W 
Quiescent Current - Ty =25°C 


E 4 
—-158 V <Vin <-—30V 
Quiescent Current Change |_with tine | IN 


5 mA < IouT <1.0A. 


Output Noise Voltage Ta =25°C, 10 Hz < f < 100 kHz 
Ripple Rejection f = 120 Hz, -15 V < Vin < —25 V 
Dropout Voltage louT =1.0A,Ty = 25°C © 

Peak Output Current Ty= 25°C 


Average Temperature Coefficient of 
Output Voltage 


Short Circuit Current VIN =~—35 V, Ty = 25°C 


UNITS 
Vv 
mV 
mV 
mV 


ioUT =5 MA, —58°C < Ty < 150°C 


ae er) 
en eae 
at eae: 
| | 28 | 
| 54] 60, 
eel i 
pa] 2a 


pA7912C 


ELECTRICAL CHARACTERISTICS: Vy =—19 V, tout = 500 mA, Cyy = 2uF,COYT =1HF, 0°C < Ty < 125°C, untess otherwise specified. 


CHARACTERISTICS CONDITIONS (Note 1) | UNITS 
Output Voltage V 
mV 
mV 
mV 
mV 


Y 


a) 


Line Regulation - 


Load Regulation 


~145V< Vin <-27V 
Output Voltage 5.mA < IouT <1.0A 
; p<15W . 
Quiescent Current Ty=25°C © 


-145V < Vin <—30V 
Quiescent Current Change 
| with load | 5mA <IguT <1.0A 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Ripple Rejection. f= 120 Hz,-15V <Viny <—25V 
Dropout Voltage louT = 1.0 A, Ty = 25°C , 
Peak Output Current Ty = 25°C ; 


Average Temperature Coefficient of 7 a ; 
Output Voltage louT =5MA,0°C <Ty < 125°C 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). Output 
Voltage changes due to changes in internal temperature must be taken into account separately. 


Vv 


mV/PC 
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pA7905 


ELECTRICAL CHARACTERISTICS: Vin = —10 V, lout = 500 mA, Ciy =2uF, CouT=1 HF, —55°C < Ty < 150°C, unless otherwise 
specified. a - 


CHARACTERISTICS 

Line Regulation Ty =25°C 
—8V <Vin <—12V 

Load Regulation Ty=25°C 

| 


—8.0V <Vin <—20V 
Output Voltage 5mA <IguTtT <1.0A 
| p<15W 
Quiescent Current 


Quiescent Current Change - 
. 5 mA < loyt <1.0A 
Output Noise Voitage Ta = 25°C, 10 Hz <f < 100 kHz 
Ripple Rejection f = 120 Hz, -8V <Viy <—18V . 
Dropout Voltage lout = 1.0 A, Ty = 25°C 
Peak Output Current Ty = 25°C 1.3 


Average Temperature Coefficient of . = 
touT =5mA,-55 C <Ty < 150°C 


TY 


7 
= 


ol 


AX UNITS 
—5.2 Vv. 
mV 
mV 
mV 
mV 


Vv 


mA 


2 


oa 


oO 


Output Voltage 


TNT § LT bee 


Short Circuit Current Vin =—-35 V, Ty = 25°C ; 


—_ 


pA7905C 


ELECTRICAL CHARACTERISTICS: Vi, = —10 V, IouT = 500 mA, Cin = 24F,CoUuT =1HF, 0°C < Ty < 125°C, unless otherwise 
specified.. . 


CHARACTERISTICS: CONDITIONS (Note 1} 


Output Voltage Ty=25°C © 
pene renee LAZY S VIN S-25V 
ine Regulation JF “SV eV ent2V 
5mA <1 <15A 
Load Regulation Ty = 25°C oat 
250 mA < lgyt < 750 mA 


—7V <ViIN <—20V 
Output Voltage - 5mA < !louT <1.0A 


p<15W 


Quiescent Current Ty=25°C 
Quiescent Current Change with load 


AX UNITS 
mv 
mV 
mV 
mV 


Vv 


mA 
mA 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 
Ripple Rejection f= 120 Hz, -8V < Vin <—18V 
Dropout Voltage ‘lout = 1.0 A, Ty = 25°C 
Peak Output Current Ty = 25°C 
Average Temperature Coefficient of 
Output Voltage 


—_ 
NO 
Loa) 


A 
g at 


A 


louT =5 mA, 0°C.< Ty < 125°C mVv?PC 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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uA7906 
ELECTRICAL CHARACTERISTICS: Viq =—11 V, IguT = 500 mA, Cyn = 2uF, CoyT= 1 uF, 55°C < Ty < 150°C, unless otherwise. 
; specified. < ; 


CHARACTERISTICS CONDITIONS {Note 1) 
Output Voitage Ty = 28°C 
—8V < Vin <—25V 
neteadiacdt | ri=m°c LOSVEVINS-25V00 
coisas ~9 VS VIN S~13V 
: ms 5MA < loyuT <15A 
Load Reguiati Tease LoMASIouTS<15A 
Poe, 250 mA < iouT < 750 mA 


—9V <Vin <—21V 
Output Voltage 5 mA < lout < 1.0A 
p< 15W 
Quiescent Current Ty = 25°C 


—S9V<Vw<-—25V 
Quiescent Current Change * |_with tine IN 


5 mA < IouT < 1.0A 


Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 

Ripple Rejection = 120 Hz, -9V < Vin <—19 V 

Dropout Voltage lout = 1.0 A, Ty = 25°C 

Peak Output Current Ty = 25°C 

Average Temperature Coefficient of 
Output Vottage 

Short Circuit Current Vin = 35 V, Ty = 25 C 


. c 
= 
par 
fe | 


b 
& 


lout =5 mA, —58°C < Ty < +150°C 


“uA7906C 
ELECTRICAL CHARACTERISTICS: Vin = —11 V, IgyuT = 500 mA, Cin =2uF, CouT=1HF, 0°C < Ty < 125°C, unless otherwise 
Z ‘specified. 
CHARACTERISTICS CONDITIONS (Note 1) 
Output Voltage Ty = 28°C 


. —8V < Vin <—-25V 
Line Regulation Ty" 256 FOV Vin <—13V 


‘pat enue: 5mA <igutT <1.5A 
250 mA < louT < 750 mA 
—8 V < Vin < —21 
Output Voltage 5mMA< lout <1.0A 
p< 15W 
Quiescent Current Ty = 28°C 
-8V < Vin <—25 V 
5 MA < IguT <1.0A 
Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz 


Ripple Rejection f = 120 Hz,—-9 V < Vig < -—19V 
Dropout Voltage fouT = 1.0 A, Ty = 25° 
Peak Output Current Ty = 25°C 


Average Temperature Coefficient of : 
Output Voltage lout = 5 MA, 0°C < Ving < 128°C 


NOTE: 
1. All characteristics except noise voitage and ripple rejection ratio are measured using pulse techniques {ty = 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal ternperature must be taken into account separately. 


: 


l b 
qe LL & ULL le 


efebolal | fs] lelelelele 
b 
LTT Teel] & [lite 


Quiescent Current Change 


mV/C 
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pA7915 
ELECTRICAL CHARACTERISTICS: Vij = —23 V, IQuT = 500 mA, Ciy = 2uF,CoyT = 1HF, 55°C < Ty < 150°C, unless otherwise 
specified. 
CHARACTERISTICS CONDITIONS (Note 1) | MIN | TyP | MAX | UNITS 
Hie dean Rn SE een ee A 
ine Regulation Ty=26 C 
P20 <Vin<26V 80 8 | 
Load Regulation Sey OUT SP - a ee hd 
[20 mA<iguT<760mA | dmv 
—18.5 V < Vin <—30V 
Output Voltage 5mA <IloUT <1.0A S —15.75 Vv 
p< 15W 
Quiescent Current . | | 18 | 3.0 | mA 
Quiescent Current Change VIN Y a ee doa 
[ withioad [SmAStour<t0ASSSSSCSC*dSCSC~‘SSSC~‘“r OS mg 
Output Noise Voliage [Ta =25°C, 10He<f<1oKe —S*YSS~C~*d:~C*é | 80 eV 
Ripple Rejection f = 120 Hz, —18.5 V < Vin < —28.5 V | 54{ eof | ap 
Dropout Voltage Plour=10ATy=2°¢ SSSC™~—~™SC“<C~*rtSCia | 
“erage [mwremwemnemre | [oe RGF 


BA7915C 


ELECTRICAL CHARACTERISTICS: Vig = —23 V, lout = 500 mA, Cyn = 2 uF, CoyuTt = 1 uF, 0°C < Ty< 125°C, unless otherwise 
specified. 
CHARACTERISTICS CONDITIONS (Note 1): 


Output Voltage 


Line Regulati T)=25°C Sa V < Vin <—30V 
ine Regulation JF Sve ve ey 
5mA < <1) 
Load Regulation T= 25°C lout SA 


TYP 


3 
< 










[250A <iout <780mA mv 
~17.5 V < Vin < —30V 
Output Voltage 5MA < IguT <1.0A 15.75 Vv 
p< i15W 





Quiescent Current 





—175 V < Vin <—30V 

5MA € louT <10A 

Output Noise Vottage Ta = 28°C, 10 Hz < f < 100 kHz 
Ripple Rejection f =120 Hz, -185 V < Vin <—-28.5 V 
Dropout Voltage lout =1.0A,Ty = 25°C 

Peak Output Current 


Average Temperature Coefficient of 
Output Voltage 


Quiescent Current Change 


Q 
w 


375 


mV/C 


bel 


lout =5mA,0°C <Ty < 125°C 


NOTE: 
1. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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pA7918 ° ; 
ELECTRICAL CHARACTERISTICS: Vj = —27 V, lout = 500 mA,-Cin = 2uF, CouT = THF, 55°C < Ty < 150°C, unless otherwise 
: specified. ‘ 

Output Voltage Ty=25°C | 17.3 |-18.0 |-18.7 | v_ 
‘ecipiaauindon peor oS MINS ao | 8 ey 

[avevine-ov PSS 80 Pm 
eran Dg ae ee 

[ 250mA<lour<750ma_———S«dTSSSi*dY S| 80 | 

‘ —22V <Vin <—33 V | 
Output Voltage 5mMA <IQUT <1.0A Sa Vv 
p<i5w - 
= [with ine | -22V < Vin <—a3V es 
uiescent Current Change - 
BmA <lour<10A ee ee 

Output Noise Voltage TA= 25°C, 10 Hz < f < 100 kHz | | 28 80 | uV/VOUT 
Opn venee nenet | tour=sma.cre< Ty < 60" ee 
Short Circuit Current Vin =—-35 V; Ty = 25°C ee nee ee ee A 


HA7918C 
ELECTRICAL CHARACTERISTICS: Vin = —27 V, IouT = 500 mA, Ciy = 2uF,CQuT = 1uF,0°C < Ty < 125°C, unless otherwise 
specified. 
CHARACTERISTICS - CONDITIONS (Note 1) YP AX UNITS 





Output Voitage : Ty = 25°C 
; -21V < Vin <-33V = 

eaieatie ee) ea 
ine Regulation Ty=26°C “2A V < Vin < 30 V — 

7. | EMA<I <15A 

‘oad Repulation ryomste. | SAS IOUS IRA nen 
250 mA < IgyuT < 750mMA ieee 
7 Ea 


—21V < Vin <—33V 
Output Voltage 5mA < louT <1.0A 






p<15W 


Quiescent Current Ty = 25°C 


Quiescent Current Change 
: [with food |S mA < lout < 1.0 A 


Output Noise Voitage | Ta = 25°C, 10 Hz <f< 100 kHz - 














L 
= 
< 








BV 
Ripple Rejection f = 120 Hz,—-22 VV< Vin <—-32V _ - dB 
Dropout Voltage lout =1.0A,Ty = 25°C 1.1 Vv 
Peak Output Current Ty = 25°C y= 2 A 
Average Temperature Coefficient of : Batts é e ’ 
Output Voltage tout =5mA,OC<Ty < 125°C mv /°C 
NOTE: 


¥. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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pA7924 
ELECTRICAL CHARACTERISTICS: Vin = —33 V, lout = 500 mA, Cry = 2-uF,COUT = 1uF, -55°C < Tj < 180°C, unless otherwise 


specified. 


- CHARACTERISTICS CONDITIONS (Note 1) 
ents ee 
” -27V < Vin <—38V 
_ Line Regulation Ty = 25°C 
“30 V <Vin <—36V 
: >. | BMA <loy, <15A 
Load Regulation Ty =25°C 
250 mA < IQuT < 750 mA 


—28 V < Vin <—38V 
5 MA <loyT <1.0A 
ps i5W 


| 
N 
> 






Output Voltage 






Quiescent Current + 





= 
w 


—28 V < Vin <—38V 
| with load | 5mA<IguT <1.0A 

Output Noise Voltage Ta = 25°C, 10 Hz <f < 100 kHz 
Ripple Rejection f = 120 Ha, -28 V < Vin, <-—38V 
Dropout Voltage louT =1.0 A, Ty = 28°C 

Peak Output Current Ty =25°C 


Average Temperature Coefficient of 
Output Voltage 


Short Circuit Current 


Quiescent Current Change 


Oo.3nN 


lout =5 mA,0°C < Ty < 150°C 


uA7924C 
ELECTRICAL CHARACTERISTICS: Vijy = —33 V, IouT = 500 mA, Cipyy = 2 MF.COUT = 1HF,0°C < Ty < 150°C, unless otherwise 
specified. 
CHARACTERISTICS CONDITIONS (Note 1) 





Output Voltage 


| MIN 
230/240, 
Line Regulation Ty = 25°C —27 V < Vin <-38 V a 
aaa 
cose 


! 
N 
oo 


—30 V < Vin <—36V 


: " 5mMA < louT <1.5A 
Load Regulation Ty=25 °C 
250 mA « louT < 750 mA 


—27V <Vin <—38V 
5 MA < IguT < 1.0A 
p<15W 







Output Voltage 





Quiescent Current 


ames “27 V<Vin<-38V 
Quiescent Current Change 
| with load | mA < tour <1.0A . 





Output Noise Voltage Ta = 25°C, 10 Hz < f < 100 kHz | 600 | 
Ripple Rejection = 120 Hz, —28 V < Vin < —38 V 

Dropout Voltage . louT =1.0A, Ty = 25°C . 

Peak Output Current Ty = 25°C 


Average Temperature Coefficient of 


= PC<Ty < 125° 
Output Voltage lout =5 mA, 0°C < Ty < 125°C 


NOTE: 


1. All characteristics except noise voltage and rippte rejection ratio are measured using pulse techniques (ty, < 10 ms, duty cycle < 5%). Output 


voltage changes due to changes in internal temperature must be taken into account separately. 
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UNITS 
V 
mV 
mV 
mV 
mV 


mvc 
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- DESIGN CONSIDERATIONS 


The 2A7900 fixed voltage regulator series has thermal overload protection from excessive power, internal short circuit protection which limits 
the circuit's maximum current, and output transistor safe area compensation for reducing the output current as the voltage across the pass 
transistor is increased. 


Aithough the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature (150°C 
for 7900, 125°C for 7900C) in order to meet data sheet specifications. To calculate the maximum junction temperature or heat sink required, 
the following thermal resistance values should be used: 


TYP MAX a TYP MAX 
Package JC 93C JC 9A 
TO-3 3.5°C/w 5.5°C/W 40°C/W 45°C/W 
TO-220 3.0°C/W 5.0°C/w 60° C/W 65°C/wW 

. 
Ty(MAX)-~TA = TI(MAX)TA 

PD (MAX) = sors __ (Without a heat sink) 


2 9c + 9CA OSA 
8ca = 98cs + FSA 
Solving for Ty: Ty= Ta + Pp (@sc + @ca) or Ta + Ppéya (Without heat sink) 


Where Ty = Junction Temperature @jc = Junction to Case Thermal Resistance 
: Ta = Ambient Temperature 8@cA = Case to Ambient Thermal Resistance 
Pp = Power Dissipation @cs = Case to Heat Sink Thermal Resistance 
@ja = Junction to Ambient Thermal Resistance @sa = Heat Sink to Ambient Thermal Resistance 


ymin 


WORST CASE POWER DISSIPATION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-220) 


POWER DISSIPATION — W 


8yq = 65°CW 
PD (MAX) 7-15 W 
“25 50 75 100 128 | 150 
AMBIENT TEMPERATURE ~ °C 





WORST CASE POWER DISSIPATION 
AS A FUNCTION OF 
AMBIENT TEMPERATURE 
(TO-3) 


POWER DISSIPATION — W 





AMBIENT TEMPERATURE — °C 
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TYPICAL PERFORMANCE CURVES 


DROPOUT VOLTAGE OUTPUT VOLTAGE PEAK OUTPUT CURRENT AS 
AS A FUNCTION OF AS A FUNCTION OF A FUNCTION OF INPUT-OUTPUT 
SUNCTION TEMPERATURE JUNCTION TEMPERATURE DIFFERENTIAL VOLTAGE 


AGE — 


Vout « Foul capored 


PT] | SSF 
seme Bi caianm 

* Geeae 

0.18 — VIN* bi onhl $V 

0.20 


4 . 
-7% -80 -% 0 2% 8 75 100 325 180 ~75-50 -25 0 2 SO 75 100 125 180 175 


INPUT — OUTPUT DIFFERENTIAL — ¥ 
o 
& 
OUTPUT CURRENT - A 


DEVIATION FROM NOMINAL OUTPUT VOLT. 


JUNCTION TEMPERATURE ~ °C _ 
SUNCTION TEMPERATURE — °C 1ON TEMPE INPUT-OUTPUT DIFFERENTIAL — V 


RIPPLE REJECTION AS 
OUTPUT IMPEDANCE RIPPLE REJECTION A FUNCTION OF 
AS A FUNCTION OF FREQUENCY AS A FUNCTION OF FREQUENCY OUTPUT VOLTAGES 
er. veomal | THT TTT TTT sea 
street CUE Bill = mankina | 
Liiccaeey at Rime: Zaunnecim 
Court = 1 #F iN 
SOLID TANTALUM 
SO YAN NBBLLAAUL BS in 
i 


Setisetiir a. 
: g ‘l HH SHIT 
FES Osim wt Boe te (mae Pt SVin = 10 Vox pk $F 
a ealE Ha tour: ronda Ex Caiie AVIN = = 10¥ia 


CC 
CIETY COCAINE 


G 
tk 10k 100k 1% 10M 100M [+] [?] 10k Wk 4 6 8 W 2 14 16 18 


AlPPLE REJECTION — dB 


ia 
8 
am 
ALTE TAT 


OUTPUT IMPEDANCE - 2 
AIPPLE REJECTION - 68 


FREQUENCY - Hz FREQUENCY — Hz NOMINAL OUTPUT VOLTAGE -— ¥ 


QUIESCENT CURRENT AS A 
LOAD TRANSIENT RESPONSE LINE TRANSIENT RESPONSE FUNCTION OF INPUT VOLTAGE 


SERRE eee eee 
7905 
SAREE a INPUT VOLTAGE 
| | | { poapeunnenr || | TT iT TT TAT T 
Bes ERR See RE Aaa ee 
Sams ea OOO 
(NL DEVIATION 
ES A SS 


iL 
wm 


| 
~ 
a 


OUTPUT VOLTAGE DEVIATION ~ V 
LOAD CURRENT -A 
GUTPUT VOLTAGE DEVIATION — mV 
SNPUT VOLTAGE - Vv 
QUIESCENT CURRENT - mA 


INPUT VOLTAGE - V 


QUIESCENT CURRENT ASA 
FUNCTION OF TEMPERATURE 


TELL [reas 
a ee 
Perit 


laweeenne 


QUIESCENT CURRENT — mA 


Ree See 
i a ea 


-3 -50-25 0 2 SW 75 100 125 180 175 
AMBIENT TEMPERATURE — °C 
NOTE 1: The other 4A7900 series devices have similar performance curves. 
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~TYPICAL APPLICATIONS 


Bypass capacitors are recommended for stable operation of the 4A7900 series of regulators over the input voltage and output current ranges. 
Output bypass capacitors will improve the transient response of the regulator. . 
The bypass capacitors, (2 uF on the input, 1 “uF on the output) should be ceramic or solid tantalum which have good high frequency characte- 
ristics. !f aluminum electrolytics are used, their values should be 10 uF or larger. The bypass capacitors should be mounted with the shortest 


leads, and if possible, directly across the regulator terminals. 


_ YBE(Q1) ; 191 7 fO1!REeG 


R1 1 
REG 





BASIC CURRENT REGULATOR HIGH CURRENT VOLTAGE REGULATOR 








- _ VBE(Q2) 
Rsc = ——— 
isc 


HIGH OUTPUT CURRENT, SHORT CIRCUIT PROTECTED HIGH OUTPUT CURRENT, FOLDBACK CURRENT LIMITED 








R2 
| Vout] = Vex Ta + IQR2 


cy 


VARIABLE OUTPUT VOLTAGE, —0.5 V TO —10 V 


VARIABLE OUTPUT VOLTAGE REGULATOR 
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7 FAIRCHILD  »A7900 SERIES. 


TYPICAL APPLICATIONS (Cont'd) 


VARIABLE OUTPUT VOLTAGE, ~—30 V TO —7 V 


OPERATIONAL AMPLIFIER SUPPLY {+15 V @ 1.0 A} 


+15V 
HATES OUTPUT 


1N4001 OR 
OC» EQUIVALENT 





a” 


WA78G - WA79G 
4-TERMINAL POSITIVE AND NEGATIVE 
ADJUSTABLE VOLTAGE REGULATORS: 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


GENERAL DESCRIPTION — The uwA78G and zA79G are 4-Terminal Adjustable Voltage Regulators. pA78G 
They are designed to deliver continuous load currents of up to 1.0 A with a maximum input voltage of 

40 V for the positive regulator 78G and —40 V for the negative regulator 79G. Output current POWER WATT PACKAGE 
capability can be increased to greater than 1.0 A through use of one or more external transistors. The . CONNECTION DIAGRAMS 
output voltage range of the 78G positive voltage regulator is 5 V to 30 V and the output voltage range 
of the negative 79G is —30 V to —2.2 V. For systems requiring both a positive and negative, the 78G 
and 79G aré excellent for use as a dual tracking regulator with appropriate external circuitry. These 
4-terminal voltage regulators are constructed using the Fairchild Planar* process. 


OUTPUT CURRENT IN EXCESS OF 1A 

pA78G POSITIVE OUTPUT VOLTAGE 5 TO 30 V 

pA79G NEGATIVE OUTPUT VOLTAGE —30 TO —2.2 V 
INTERNAL THERMAL OVERLOAD PROTECTION 
INTERNAL SHORT CIRCUIT CURRENT PROTECTION 
OUTPUT TRANSISTOR SAFE AREA PROTECTION 
MILITARY AND COMMERCIAL VERS!ONS AVAILABLE 
AVAILABLE IN 4-PIN TO-202 TYPE AND 4-PIN TO-3 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage 
BA78G, nA78GC 40 V 
uATIG, vATIGC —40 V 
Control Pin Voltage ORDER INFORMATION 
BA78G, uA78GC 0<V<VouT TYPE PART NO. 
Power Dissipation Internaily Limited . 
Operating Junction Temperature Range 
Military (uA78G, nA79G) - —55°C to 150°C 
Commercial (uA78GC, uA79GC) O°C to 150°C —_ 
Storage Temperature Range _ TO-3 PACKAGE 
4-Pin Power Watt (U1) —55°C to +150°C (TOP VIEW) 
4-Pin TO-3 (K) —65°C to +150°C 
Lead Temperature 
4-Pin Power Watt (U1) (Soldering, 10 s) 230°C 
4-Pin TO-3 (K) (Soldering, 60 s) 300°C 


ywA79G CONNECTION DIAGRAMS . TO-3 PACKAGE 
POWER WATT PACKAGE (TOP VIEW) 


QuTPUT 


ORDER INFORMATION 
TYPE PART NO. 
“uAT8G pA7T8GKM 


ORDER INFORMATION pwA78GC uwA78GKC 


TYPE PART NO. 
pA79G uA79GKM 
uATSGC | uA7T9GKC 


ORDER INFORMATION 
TYPE PART NO. 


pA79GC vuATSGUIC 


TNOTE: 
Heat sink tabs connected to cemmon’ 
through device substrate. - <a 


TINOTE: 
Heat sink tabs connected to input through device substrate. Not recommended for direct 
electrical connection. 





*Planar is 8 patented Fairchild process. 
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Cat 
i 
con 


BA78G, uA78GC 
ELECTRICAL CHARACTERISTICS: 0°C < Tj < 125°C for 78GC, Cyjy = 0.33 uF, Cgut = 0.1 uF and —55°C < Ty < 150°C for 78G, 
VIN = 10 V, louT = 500 mA, Test Circuit 1, unless otherwise specified. 


BAT78G EQUIVALENT CIRCUIT 


© CONTROL 


CHARACTERISTICS CONDITIONS (Notes 1 & 3) 


Input Voltage Range Ty = 25°C 
Output Voltage Range Vin = VouT+5 V 

VouT+3V-< Vin < VouT?+ 15 V, 
Output Voltage Tolerance 5mA € iouTtT <1.0A 


Pp < 15 W, ViniMax) =38 V 


Ty= 25°C. Vout < 10 V 
(Vout + 2.5 V) < Vin < (Vout + 20 V) 
Line Regutation Ty = 25°C, Vout 2 10 V 


(Vout +3 V) < Vin < (Vout + 15 V) 
(Vout + 3 V) < Vin < (VouT +7 V) 


: Ty = 25°C 250 mA < IguT < 750 mA 
Load Regulation 
Vin = VouTtt+5V 5MA <louT <1.5A 


Ty=25C 
ee 


Ty = 25°C 
Quiescent Current 


: bv le 8V < Vin < 18 V, f = 120 Hz pA78G 

Ripple Rejection 
VouT =5V wAT8GC 
Output Noise Voitage Ty = 25°C, 10 Hz < f < 100 kHz, Vout =5 V, lout =5 mA 
uAT8G 

Dropout Voit 
Short Circuit Current Ty = 25°C, Vin = 30V 
Peak Output Current Ty= 25°C . 


Average Temperature 
Coefficient of Vout 75 V.louT=5 mA 
Output Votrag | 
Control Pin Vottege 
(Reference) fe eee eee ee 


NOTES: . 
* Ri+R 
1. Vout is defined for the 78GC as Vout = —— (5.0); The 79GC as Vout = piss {(—2.23). 
R2 R2 


“ 


%(VouT} 


%*(VouT) 
7 


%(VouUT) 





~~] 





“J 


2. Dropout voltage is defined as that input-output voltage differential which causes the output voltage to decrease by 5% of its initial value. 





3. AH characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). 
Output voltage changes due to changes in internal temperature must be taken into account separately. 


TOI - . 4 , . . Ys 2, ae 


FAIRCHILD © ,A78G © pA79G° 











79G EQUIVALENT CIRCUIT 





COMMON 







Z\ ZN 


ar a R23 
ak 
G2 - 
| Qi16 
i a 
ss ag 3.5 pF/c1 
Q? R10 
bg ata O15 y 
R6 : : . 
800 R8& R14 i 
4.6k |17.5k 


Qt | 







O 
CONTROL 













; . HA79G, pA79GC 
ELECTRICAL CHARACTERISTICS: oec< Ty < 125°C for 79GC and —55°C < Ty< 150°C for 79G, VIN =—10 V, lout = 500 mA, 
Cin =2 uF, Cout =1 uF, Test Circuit 2 and Note 3 unless otherwise specified. 









































_ CHARACTERISTICS CONDITIONS (Note 1) | min | TYP UNITS 
Vout — 18 V < VIN < VouT —3 V, Ty = 25°C ae ee %(VouT) 
Output Voltage Tolerance SMA <IQUT <1T0A KY ; 

ee Pp < 15 W. ViIN(MAX) = —38 V aes ae 
; Ty = 25°C, Vout = —10 V a, ; 
(Vout —.20 V) < Vin < (Vout — 2.5 V) OUT 
Line Regulation Ty = 25°C, Vout < —10V 
(Vout — 15 V) < Vin < (Vout —3 V) . <a , 
(Vout — 7 V) <.Vin < (Vout -—3 V)} OUT 
Ty= 25°C 250 mA < Ij < 750mA Vv 
Load Regulation - : J OUT m %(VouT) 
. Vin = Vout — 5 V 5MA <IguT <15A %(VouT) 
; Ty=25°C : 
Control Pin Current z a ae ai 
fe tree Sgt ee uA 
Ty=25°C 
“Giese Sc 5 ec nareee eee aee | mA 
ae ee ee te ee OS mA 
a “18V < Vin <-8V | , 
Ripple Rejection IN 8 BATIG . | 50 | 60 | dB" 
Vour=-BV,f=120H2_ yATIGG___| 80 | 60 a8 
Output Noise Voltage Ty = 25°C, 10 Hz < f < 100 kHz, Vout =—5 V, lout =5 mA | 25 | uV/VOUT 
a a v 
Dropout Voltage 
) warace || i v 
Short Circuit Current Ty = 25°C, Vin = -30 V 3 | | 0.28 | A. 
Peak Output Current Pryeare id A 
J=—-55 Cto +25°C 
Coefficient of mvPC/ 
ore vee Tomecwnsrc| | vou 
Control Pin Voltage | -2.32 | -2.23 | Vv 


R1+ R2 I+ R2 

(5.0); The 79GC as Vout = 

: R2 {—2.23). 
- Dropout voltage is defined as that input-output voitage differential which causes the output voltage to decrease by 5% of its initial value, 
. The convention for negative regulators is the algebraic value, thus —15 is less than —10V. 

. All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty < 10 ms, duty cycle < 5%). 
Output voitage changes due to changes in internal temperature must be taken into account separately. 


NOTES; 1. Vout is defined for the 78GC as Voy 













PON 
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TYPICAL PERFORMANCE CURVES FOR yA78G 






PEAK OUTPUT CURRENT AS A = 
FUNCTION OF INPUT-OUTPUT : QUIESCENT CURRENT ASA 
DIFFERENTIAL VOLTAGE FUNCTION OF INPUT VOLTAGE 


‘CTI 
Sasgsaee sana) 
Bears iia 
PERSE 




















OUTPUT CURRENT — A 
QUIESCENT CURRENT — mA 








INPUT- OUTPUT DIFFERENTIAL — V INPUT VOLTAGE — VOLTS 


DIFFERENTIAL CONTROL _ DIFFERENTIAL CONTROL 
CONTROL CURRENT ASA VOLTAGE AS A FUNCTION OF VOLTAGE AS A FUNCTION OF 
FUNCTION OF TEMPERATURE INPUT VOLTAGE OUTPUT CURRENT 


3.0 
lout = 500 mA 
Vour =5.0¥ 



























AVconT ~ 9 
AVeonT ~ mV 





CONTROL CURRENT — pA 











Qo 
-75 50-26 0 25 50 75 100 a 150 (175 


. OUTPUT CURRENT — mA 
INPUT VOLTAGE - V . 





JUNCTION TEMPERATURE — C 





RIPPLE REJECTION AS DROPOUT VOLTAGE 
A FUNCTION OF ’ AS A FUNCTION OF 
OUTPUT VOLTAGE JUNCTION TEMPERATURE 











RIPPLE REJECTION - cB 





(NPUT — OUTPUT DIFFERENTIAL — V 





GROPOUT CONDITIOI 
AVouT = 5% OF Vou 


a2 
“a 


8 
—75 -50 -25 QO 25 50 75 100 125 150 175 






OUTPUT VOLTAGE — V JUNCTION TEMPERATURE — °C 












RIPPLE REJECTION AS A | 
FUNCTION OF FREQUENCY LOAD TRANSIENT RESPONSE LINE TRANSIENT RESPONSE 
VIN 


40 
TE re PTT TTT TT yy 
vour= 2 


PT TT LT | teat votrace | | 
HPe sere 











































Vin = 8¥TO18Y 


> 
: LOAD CURRENT 2 
3 
» Ag tee ae Rae eo 
i aa -B (2 < Z > 
Z hs - TTT TTT a Oe eae 
& 60 > os$ & w 
se LTT @ Creer ye s 3 z 
5 . BEES é ee (ee ee Oe Dee 
TEE Ee 2 5 og 3 
Z < ma ri BE Ree Be 
« .o7 > 
a 40 5 Denaro S g OUTPUT VOLTAGE = 
e PUTT 2 2. Bo gh pees Pde 
z 5 ” es ol eel Ee - 
Baa 2 c 
5 2 
5 
3 


SReee Ge Bee ; 
lout = 500mA fe be a ae 


cad re A 
[| 
6 8 10 12 





FREQUENCY ~— Hz 




































CONTAOL CURRENT - uA 


RIPPLE REJECTION ~ 5B 
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TYPICAL PERFORMANCE CURVES FOR y»A79G 


PEAK OUTPUT CURRENT AS 
A FUNCTION OF INPUT-OUTPUT 
: DIFFERENTIAL VOLTAGE 


OUTPUT CURRENT — A 


INPUT-OUTPUT DIFFERENTIAL — V 





CONTROL CURRENT ASA 





0 
78 -§0 -25 0 25 50 7% 100 125 150 175 


JUNCTION TEMPERATURE - “C 


QUIESCENT CURRENT — mA 


es 


QUIESCENT CURRENT AS A 





INPUT VOLTAGE — V 


DIFFERENTIAL CONTROL 


DIFFERENTIAL CONTROL 
VOLTAGE AS A FUNCTION OF VOLTAGE AS A FUNCTION OF 
INPUT VOLTAGE OUTPUT CURRENT 








INPUT VOLTAGE — 


RIPPLE REJECTION AS 
A FUNCTION OF 


OUTPUT VOLTAGE 


RIPPLE REJECTION — dB 


RIPPLE REJECTION AS 





FREQUENCY - Hz 





OUTPUT VOLTAGE — 


QUTPUT VOLTAGE DEVIATION - V 


INPUT - QUTPUT DIFFERENTIAL -— V 





1-0 - 


AV cont - ™V 





v QUTPUT CURRENT — mA 


DROPOUT VOLTAGE 
AS A FUNCTION OF 
JUNCTION TEMPERATURE 
1.4 


' ' t 
DROPOUT CONDITIONS 
Apurt = 5% OF Yout 





04 
-7%8 -56 -2% 0 2 50 75 100 125 150 


JUNCTION TEMPERATURE - C 


LINE TRANSIENT RESPONSE 


BRE RERES 
| | | | wurvorace| TT | 
EeiseRaes 
Pty TT TV 
RSE ES 
| ouTPuT ‘AGE 





15 






-v 









INPUT VOLTAG 


LOAD CURRENT -~ A 
OUTPUT VOLTAGE DEVIATION ~ my¥ 


FAIRCHILD © uA78G ¢ pA79G 





















DESIGN CONSIDERATIONS — The 78G and 79G adjustable voltage regulators have an output voltage which varies from VCONTROL tO 


typically Vin — 2 V by Vout = VCONTROL Sal 2) The nominal reference in the 78G is 5.0 V and 79G is —2.23 V. If we allow 


R2 : 
1.0 mA to flow in the control string to eliminate bias current effects, we can make R2 = 5 kQ in the 78G. The output voltage is then: 
Vout = (R1 + R2) V, where R1 and R2 are in kQs. 


Example: if R2=5k2 and R1 = 10 kf then Vout = 15 V nominal, for the 78G; 
R2 = 2.2 kQ and R1 = 12.8 kQ then Vout = —15.2 V nominal, for the 79G. 


By proper wiring of the feedback resistors, load regulation of the devices can be improved significantly. 


Both 78G and 79G regulators have thermal overload protection from excessive power, internal short circuit protection which fimits each 
circuit's maximum current, and output transistor safe area protection for reducing the output current as the voltage across each pass transistor 
is increased. : 


Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature in order 
to meet data sheet specificationse To calculate the maximum junction temperature or heat sink required, the following thermal resistance values 
should be used: =< 








TYP MAX 





TYP 
8yC A5C OIA 9A 
POWER WATT 7.5°CIW 11°C/W 75° C/W 80°C/W 













Package 









TO-3 4.0°C/W 6°C/W 44°C/W 47°C/W 
Ty (MAX)~TA = TJ(MAX)-~TA 
PD (MAX) = Oo (Without a heat sink) 


8c + OCA 8A 
§ca = 9cs+ OSA 


Solving for Ty: Ty=TA + Pp (85c + Oca) or Ta + Ppé ya (Without heat sink) 







Where Ty = Junction Temperature 8 jc = Junction to case thermal resistance 
Ta = Ambient Temperature 8cA = Case to Ambient thermal resistance 
PED = Power Dissipation @cg = Case to heat sink resistance 


8 ja = Junction to ambient thermal resistance 8s = Heat sink to ambient thermal resistance 









pA78G AND pA79G vA78G AND vA79G 
POWER TAB (U1) PACKAGE TO-3 PACKAGE 
WORST CASE POWER DISSIPATION WORST CASE POWER DISSIPATION 
/ AS A FUNCTION OF VERSUS 
/ AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


























TL] carter TT 
(RES Cee EN EE KAS SY TET PE 
Ce) ee Hl ees ee ee 
nn Wel as He Cae 
‘ oe perros tL 
2 g Pa ne 
‘ ae Se 
g 2 ota eS 
ee SSNG 
a 








AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 
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> 


MA79G TEST CIRCUIT 2 








HA78G TEST CIRCUIT 1 








vA78G 


CONTROL 
COMM 
























R1+ R2 R1+R2 
Yout ={—=5—} Vcontrot Vout “{——=5—)} Vcontrot 
VCONTROL Nominal = 5 Vv VconTROL Nominal = —2.23 Vv 






‘Recommended R2 current ~ 1 mA 
“R2 = 5 kQ(781G) 
R2 = 2.2 k2 (79:G) 







TYPICAL APPLICATIONS FOR »A78G 











In many “A78G applications, compensation capacitors may not be required. However, for stable operation of the regulator over all input 
voltage and output current ranges, bypassing of the input and output (0.33 uF and 0.1 uF, respectively) is recommended. Input bypassing is 
necessary jf the regulator is located far from the filter capacitor of the power supply. Bypassing the output will improve the transient response 
of the regulator. 








POSITIVE 5 TO 30 V POSITIVE 5 TO 30 V ADJUSTABLE REGULATOR 
BASIC POSITIVE REGULATOR ADJUSTABLE REGULATOR ; IOUT > 5.0A 


1>4.0A—me 









12 220 mA — 
0.33 uF 













R1+R2 
Vout = Vcont (US) +10 V, 1.0A 
DUAL TRACKING REGULATOR 





NOTE: External series pass device is 
not short circuit protected. 









POSITIVE HIGH CURRENT SHORT CIRCUIT OUT 
PROTECTED REGULATOR +15V0 IN pA78G 









MOTOR SPEED CONTROL 









COMMON OuT 


I pA78G 


CONTROL 
COMMON 







_ VBE [Qt] 
Isc 










Use flyback diode across 
motor if necessary. 






If toad is not ground referenced, connect reverse 
POSITIVE HIGH CURRENT biased diodes from outputs to ground. 
SHORT CIRCUIT 
PROTECTED REGULATOR 











‘PROGRAMMABLE SUPPLY OUTPUT WAVEFORM 


+10 ¥ +35 V 
TIMER/COUNTER 














7 


7 
/ 
4 
Pe STEPS 
Sv 


Oe 






2N6121 OR 
EQUIVALENT 
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TYPICAL APPLICATIONS FOR ypA79G o. 88 
All #A78G applications apply to the uA79G under the following conditions; R2 values are 2.2 k&, all external transistors and diodes reverse 
polarity. : 
—30 V TO -—2.2V BASIC can NEGATIVE HIGH CURRENT SHORT CIRCUIT 
PROTECTED REGULATOR 


ADJUSTABLE REGULATOR a NEGATIVE REGULATOR 


© -Yout 






1.0 yF 





CONTROL 





— 
— 





ete R1+R2 
Vout = -Ycont (H2*2) 


- 





ADJUSTABLE DUAL TRACKING REGULATOR NEGATIVE HIGH CURRENT VOLTAGE REGULATOR 
: EXTERNAL SERIES PASS 







+OUTPUT 





*Rx = PARALLEL COMBINATION OF 
{Ri + P1) AND (R2 + P2). 








NOTE: ‘ 
Bypass capacitors are recommended for stable operation of the “A79G series of regulators over the input voltage and output current ranges. 


Output bypass capacitors will improve the transient response of the regulator. 


The bypass capacitors, (2 F on the input, 1 MF on the output) should be ceramic or solid tantalum which have good high frequency 
characteristics. 1f aluminum electrolytics are used, their vatues should be 10 pF or larger. The bypass capacitors should be mounited with the 


shortest leads, and if possible, directly across the regulator terminals. 
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uA79HG 


5 AMP NEGATIVE ADJUSTABLE VOLTAGE REGULATOR 
FAIRCHILD HYBRID PRODUCTS 





-GENERAL DESCRIPTION — The 1 A79HG is an adjustable 4-terminal negative voltage 
regulator capable of supplying in excess of -5 A over a -24 V to -2.2V output range. The 
HA79HG hybrid voltage regulator has been designed with all the inherent character- 
istics of the monolithic 4-terminal regulator; i.e., full thermal overload and short-circuit 
protection. The n.A79HG is packaged in a hermetically-sealed 4-pin TO-3 package pro- 
viding 50 W power dissipation. The regulator consists of a monolithic chip driving a 
discrete-series pass element and short-circuit detection transistors. 





CONNECTION DIAGRAM 
TO-3 PACKAGE 
(TOP VIEW) 

















OUTPUT 


@ -5 A OUTPUT CURRENT 

*® INTERNAL CURRENT AND. THERMAL LIMITING 
¢ INTERNAL SHORT-CIRCUIT CURRENT LIMIT 

¢ LOW DROP-OUT VOLTAGE 

¢ 50 W POWER DISSIPATION 

© ELECTRICALLY NEUTRAL CASE 





CONTROL 





ABSOLUTE MAXIMUM RATINGS 










Input Voltage -40 V 
Internal Power Dissipation 50 W @ 25°C Case ORDER INFORMATION 
Maximum Input-to-Output Voltage Differential -20 V TYPE PART NO. 
Operating Junction Temperature Range -0°C to 150°C 
Storage Temperature Range ~55°C to 150°C 7T9HGC BATSHGKC 
Lead Temperature (Soldering, 60 s) 300°C 








BLOCK DIAGRAM 








-V UNREGULATED 









SHORT CIRCUIT 
SENSE RESISTOR 








CURRENT THERMAL pple : 
SOURCE SHUTDOWN Lintt 






OUTPUT 
TRANSISTOR 


START-UP 
CIRCUIT 







O CONTROL 
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ELECTRICAL CHARACTERISTICS: Ts = 25°C, lout = -2.0 A unless otherwise specified. 





Load Regulation Vin = Vout-10 V, -10 mA < lout <-5.0A Ff or | to %(VouT) 
Ripple Rejection Dee Se ee pias fF f= {| dB 
Dropout Voltage lour =-5A a oe V 
= a Get 






DESIGN CONSIDERATIONS — The nominal reference in the nA79HG is -2.23 V. If we allow -1.0 
mA to flow in the control string to eliminate bias current effects, we can make R2 = 2.2 kf in the 
HATSHG. The output voltage is then: Vout = (R1 + R2) Volts, where R1 and R2 are in kOs. 






Example: R2 = 2.2 kQ and R1 = 12.8 kQ, then Vout = -15.2 V nominal. 






By proper wiring of the feedback resistors, load regulation of the devices can be improved 
significantly. 





The 2 A79HG regulator has thermal overload protection from excessive power, internal short circuit 
protection which limits each circuit's maximum current, and output transistor safe area protection 
for reducing the output current as the voltage across the pass transistor is increased. 







Aithough the internal power dissipation is limited, the junction temperature must be kept below the 
maximum specified temperature (150°C) in order to meet data sheet specifications. To calculate 
the maximum junction temperature or heat sink required, the following thermal resistance values 
should be used: 











TYPICAL TYPICAL 
PACKAGE AJC BJA 












33 
TO-3 3.0 (Without heat sink) 





Ty (MAX) - TA Ty (MAX) - TA 
Pp (MAX) = (MAX) = DA or 
Dt ) Buc + OCA BJA 









@ca = O6cs + OSA 






Solving for Ty: Ty = Ta + Pp (0c + 8ca) or Ta + Ppésa (Without heat sink) 







Where Ty = Junction Temperature sc = Junction to case thermal resistance 
Ta = Ambient Temperature 8ca = Case to ambient thermal resistance 
Pp = Power Dissipation 8cs = Case to heat sink thermal resistance 






@sa = Heat sink to ambient thermal resistance 
dua = Junction to ambient thermal resistance 
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TYPICAL PERFORMANCE CURVES 


DIFFERENTIAL CONTROL 
QUIESCENT CURRENT AS A CONTROL CURRENT AS A VOLTAGE AS A FUNCTION OF 
FUNCTION OF INPUT. VOLTAGE FUNCTION OF TEMPERATURE INPUT VOLTAGE 


0.7 
Vout = 5.0V 
Ty= 25°C 
lout = -24 / | ; 








A 


a 


INPUT VOLTAGE - V JUNCTION TEMPERATURE — °C INPUT VOLTAGE - Vv 


CONTROL CURRENT ~ pA 





QUIESCENT CURRENT — mA 





78 100 125 450 


OUTPUT SHORT CURRENT AS 
MAXIMUM A FUNCTION OF INPUT-OUTPUT LOAD REGULATION AS A 
POWER DISSIPATION DIFFERENTIAL VOLTAGE FUNCTION OF OUTPUT CURRENT 


PULSE WIDTH = 1.0 ms "Vout NORMALIZED AT ZERO 
{ -10 mA LOAD 


POWER DISSIPATION — W 
OUTPUT SHORT CURRENT —A 
OUTPUT VOLTAGE DEVIATION — mV 


3 
25 50 76 100 125 160 S$ -10 -15 - -25 
CASE TEMPERATURE — °C INPUT-OUTPUT DIFFERENTIAL — V OUTPUT CURRENT —A 


DROPOUT VOLTAGE AS A. 
FUNCTION OF JUNCTION 
LINE TRANSIENT RESPONSE TEMPERATURE LOAD TRANSIENT RESPONSE 


OUTPUT VOLTAGE 
_ CHANGE—V 


MINIMUM INPUT-OUTPUT 
DIFFERENTIAL VOLTAGE — V 


Vout 5.0 v 
A Vout - 5% OF Vour 


2 
é< 
x | 
Ey 
os 
or 
Qo° 
1 


INPUT VOLTAGE —V_ OUTPUT CHANGE — mV 
i 





-0.6 
55 -25 0 25 SO 75 100 125 150 


PULSE WIOTH TIME — us : JUNCTION TEMPERATURE — °C PULSE WIDTH TIME — us 
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4 | TYPICAL APPLICATIONS FOR 79HG 
_Bypass capacitors are recommended for stable operation of the zA79HG over all input voltage and 
output current ranges. The bypass capacitors, (2 uF on the input, 1 nF on the output) should be 
solid tantalum which have good high frequency characteristics. The bypass capacitors should be 
mounted With the shortest possible leads, and directly across the regulator terminals. 


“3 V TO -2.2V 
BASIC NEGATIVE REGULATOR ADJUSTABLE REGULATOR 


OUT 


IN #A79HG 


- 
CONTROL 


HATSHG TEST CIRCUIT 2 


HATSHG 


: CONTROL 
COMM 
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wA78MG°HA79MG-~ 
4-TERMINAL POSITIVE AND NEGATIVE 
ADJUSTABLE VOLTAGE REGULATORS 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


« 


GENERAL DESCRIPTION — The nA78MG and nA79MG are 4-Terminal Adjustable Voltage Regula- 
tors. They are designed to deliver continuous load currents of up to 500 mA with a maximum input 
voltage of 40 V for the positive regulator 78MG and —40 V for the negative regulator 79MG. Output 
current capability can be increased to greater than 10 A through use of one or more external 
transistors. The output voltage range of the 78MG positive voltage regulator is 5 V to 30 V and the 
output voltage range of the negative 79MG is —30 V to —2.2 V. For systems requiring both a positive 
and negative, the 78MG and 79MG are excellent for use as a dual tracking regulator. These 4-terminal 
voitage regulators are constructed using the Fairchild Planar* process. 


OUTPUT CURRENT IN EXCESS OF 0.5A 

#A78MG POSITIVE OUTPUT VOLTAGE 5 TO 30 V 
pATOMG NEGATIVE OUTPUT VOLTAGE —30 V TO -2.2V 
INTERNAL THERMAL OVERLOAD PROTECTION 
INTERNAL SHORT CIRCUIT CURRENT PROTECTION 
OUTPUT TRANSISTOR SAFE AREA PROTECTION 

POWER MINI DUAL IN-LINE PACKAGE 


ABSOLUTE MAXIMUM RATINGS 













yA78MG 
CONNECTION DIAGRAMS 


POWER WATT 


@eeee0eoee#s 
















input Voltage 
wAT8MG, nA79MGC 40V 
BA79MG, pA79IMGC _ © —40V 
Contro! Pin Voltage 
BAT8MG, pA78MGC 0<V<VouT 
BHATOMG, pA79MGC ~Vout <—-V <0 
Power Dissipation Internally Limited ORDER INFORMATION 
Operating Junction Temperature Range (Note 1) TYPE PART NO. 
Military (uA78MG, zA79MG) —55°C to 150°C wA7T8MGC = =£4uA78MGUIC 
Commercial (uA78MGC, nA79MGC) 0°C to 150°C 
Storage Temperature Range 
4-Pin TO-39 —65°C to +150°C 
Power Mini DIP and Power Watt —55°C to +150°C 
Lead Temperature 
Power Watt and Power Mini DIP (Soldering, 10 s) 230°C 4-PIN TO-39 
4-Pin TO-39{Soldering, 60 s) 300°C 


(TOP VIEW) 


pA79MG 
CONNECTION DIAGRAMS 


POWER WATT 4-PIN TO-39 
(TOP VIEW) 


COMM (4) OUT (1) CONT (2} COMMT(3) 


ORDER INFORMATION 

TYPE PART NO. . 
pATBMG xwATEMGHM 
uHA78MGC = =44uA78MGHC 


CONT (1) OUT (2) INTT (3) 


ORDER INFORMATION 
TYPE PART NO. 
pA7SMG »uATSMGHM 


uATSMGC pATSMGHC +NOTE: 
Heat sink tabs connected to 


common through device substrate. 


ORDER INFORMATION 
TYPE PART NO. 
uATSMG uATSMGUIC 


TtTtNOTE: 
Heat sink tabs connected to input 
through device substrate. Not recomm- 
ended for direct electrical connection. 
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78MG EQUIVALENT CIRCUIT 


Resistor values in Q unless otherwise noted. 


“ HA78MG (C, HC, HM) 
ELECTRICAL CHARACTERISTICS: 0°C < Ty < 125°C for zA78MGHC and wA78MGC, —55°C < Ty < 150°C for «A78MGHM, 
Vin = 10 V, Iqut = 350 mA, Cry = 0.33uF, Coyt = 0.1 uF, Test Circuit 1, unless otherwise specified. 


CHARACTERISTICS CONDITIONS (1 and 3) 


Input Voltage Range Ty = 25°C I gn ene 
Output Voltage Range Vin = VYouT+5V aaa 


Output Voltage Tolerance Vout +3 V < Vin < Vout+15V, Ty= 25°C 


5mMA < louT < 350 mA 
Pp <5 W, ViInMAX = 38 V a 
Line Regulation Ty = 25°C, IQuT = 200 mA, Vout < 10 V 
(Vout + 2.5 V) < Vin < (Vout + 20 V) 
Ty = 25°C, lout = 200 mA, Vour 2 10 V 
(VouT +3 V) < Vin < (Vout + 15 V) 


(VouT +3 V) < VIN < (VouTt+ 7 V) 


Load Regulation Ty = 25°C 
5 MA < IlouT < 500 mA, Vin = VouT+7V 


Control Pin Current Ty = 25°C 


TYP UNITS 


75 


%(VouT) 


*(VoyT) 


_ 
© 


%(VouT) 


%(VOUT) 
%*(VouT) rs 


VOUT) 





HA 
BA 
mA 
mA 


Quiescent Current Ty=25°C 


Ripple Rejection 8V<Vin <18V louT = 300 mA, Ty = 25°C 


VouT =5V, f= 120 Hz| iguy = 100 mA 
Output Noise Voitage 10 Hz < f < 100 kHz, VoyT = 5 V 


> 
° 





Dropout Voltage xA78MGHM 
wATSMGIHC and C) 
Peak Output Current | Ty=28°c 
Ty =—55°C to +25°C 

Coefficient of - - 

Output Voltage Ty = +25°C to +150°C 

wretwone) [ia 
NOTES: ee ern 


Short Circuit Current Vin =35 V, Ty = 25°C 
Average Temperature 
Control Pin Voltage Ty = 25°C 
R 
1. Voutzis defined for the 78MGC as Vout = rears (5.0); The 79MGC as Vout = — (—2.23). 


2. Dropout voitage is defined as that input-output voltage differential which causes the output voltage to decrease by 5% of its initial value. 





- 3. AH characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques {ty < 10 ms, duty cycie < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. : : 
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79MG EQUIVALENT CIRCUIT 


a2 
Q? 
R6 
800 


7 
R10 
Q14 
75k 75k 
R8 $R11 
4.6k ]17.5k 


O CONTROL 


Resistor values in Q unless otherwise noted. 


HATIMG (C, HC, HM) 


ELECTRICAL CHARACTERISTICS: 0°C < Ty < 125°C for hA79MGHC and pA79MGC, —55°C < T; < 150°C for zA79MGHM, 
Vin =—10 V, lout = 350 mA, Ci = 2.0 uF,COoUT = 1.0uF, Test Circuit 2, unless otherwise specified. - 


CHARACTERISTICS 


input Voltage Range 


Output Voltage Range 
Output Voltage Tolerance 


Line Regulation 


Load Regulation 
Control Pin Current 
Quiescent Current 
Ripple Rejection 


Output Noise Voltage 


Dropout Voltage 


Short Circuit Current 
Peak Output Current 
Average Temperature 
Coefficient of 
Output Voltage 
Control Pin Voltage 
(Reference) 
NOTES: 


CONDITIONS (1 and 2) 


Vin = VouT—5V Bs = eo 
Ty= 25°C 


Vout —15V <Vin <Vout—3V, 


5 mA < Ioyt < 350 mA 
Ty = 25°C, lout = 200 mA, VouT > —10 V 





= 


u 
oO 


AX 


is 






Po< 5W, VINMAX = —38 V 





(VouT — 20 V) < Vin < (Vout — 2.5 V) 1.0 
Ty = 25°C, tout = 200 mA, Vout < —10 V 

(Vout — 15 Vi < Vin < (Vout — 3 V) 0.75 

(Vout — 7 V) < Vin <(Vout — 3 V) 0.67 


Vin = Vout — 7 V,5mMA <JouT < 500 mA 
Ty = 25°C 


Ty=25°C 





Ty= 25°C 





—18V<Vin <-8V Ty = 25°C, IguT = 300 mA 
Vout =—5 V, f = 120 Hz] igut = 100 mA 


10 Hz < f < 100 kHz, Voyt = —5 V 


uATSMGHM 


uA79MG (HC and C) 


Ls 
ao 


—_ 
. 
— 


N 


Vin =—35V 


Vout =—-5V 


Ty = —55°C to +25°C 
JouT =5mA . 





Ty = +25°C to +150°C 


Ty= 25°C 


14. The convention for Negative Regulators is the Algebraic value, thus —15 is tess than —10 V. 





‘UNITS 


Vv 
Vv 
%(VouUT) 


%(VouT) 


%(VouT) 


%{V OUT) 


%(VouT) 


' *%(VouT) 


BA 
yA 
mA 
mA 
dB 
dB 


BV/VOUT 


2. All characteristics except noise voltage and. ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle < 5%). Output 
voltage changes due to changes in internal temperature must be taken into account separately. 
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TYPICAL PERFORMANCE CURVES FOR yA78MG 


PEAK OUTPUT CURRENT AS A te 
FUNCTION OF INPUT-OUTPUT QUIESCENT CURRENT AS A. 
DIFFERENTIAL VOLTAGE SOOO OF INPUT VOLTAGE 











OUTPUT CUARENT - A ; 
QUIESCENT CURRENT — mA 

















INPUT-OUTPUT DIFFERENTIAL - ¥ INPUT VOLTAGE - ¥ 


DIFFERENTIAL CONTROL DIFFERENTIAL CONTROL 
CONTROL CURRENT ASA VOLTAGE AS A FUNCTION OF VOLTAGE AS A FUNCTION OF 
FUNCTION OF TEMPERATURE INPUT VOLTAGE _ OUTPUT CURRENT. 


BRRRSREELELS Eaom 
NESE RERROR FEY 
| ENA ee PTT TT TTT TV 
STE f | 
PNA 
es 


160 


= 
o 


CONTROL CURRENT — pA 
AVeont — eV 
U 


AMBIENT TEMPERATURE — °C INPUT VOLTAGE — V OUTPUT CURRENT — mA 


RIPPLE REJECTION AS DROPOUT VOLTAGE 
A FUNCTION OF AS A FUNCTION OF 
ss VOLTAGE TION TEMPERATURE 





RIPPLE REJECTION -—dB- 
INPUT-OUTPUT DIFFERENTIAL ~ V 








OUTPUT VOLTAGE — V : JUNCTION TEMPERATURE — °C 


RIPPLE REJECTION ASA 
FUNCTION OF FREQUENCY LOAD TRANSIENT RESPONSE a LINE TRANSIENT densa had 


PTTL TT] 7 isseror se 
ET EEL | f(T neut volrabe | 
i TT 


LC 
T | LOAD CURRENT 
ae aeeerss eh 
BES SSARS ERE 
Me ee ee 
| 


OUTPUT VOLTAGE... 














QGUTPUT VOLTAGE 
DEVIATION 





INPUT VOLTAGE - V 





RIPPLE REJECTION ~ cB 
LOAD CURRENT —A 





OUTPUT VOLTAGE DEVIATION - ¥ 
OUTPUT VOLTAGE DEVIATION - mv 








FREQUENCY - Hz 
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FAIRCHILD © »A78MG © uAT9MG 


TYPICAL PERFORMANCE CURVES FOR »A79MG 


PEAK OUTPUT CURRENT AS : 
A FUNCTION OF INPUT-OUTPUT QUIESCENT CURRENT AS A 
DIFFERENTIAL VOLTAGE nuneTLOY OF INPUT VOLTAGE 


ag =5.0V 
= 25°C 
sles 100 mA 


OUTPUT CURRENT ~- mA 
QUIESCENT CURRENT ~ mA 


a 
o 5 10 16 20 25 30 
INPUT-OUTPUT DIFFERENTIAL V INPUT VOLTAGE - ¥ 
DIFFERENTIAL CONTROL DIFFERENTIAL CONTROL 


CONTROL CURRENT ASA VOLTAGE AS A FUNCTION OF VOLTAGE AS A FUNCTION OF 
FUNCTION OF TEMPERATURE INPUT VOLTAGE OUTPUT CURRENT 


{CHURAUAAUEAE HPT 


NS ORG BRHIEGINS 
| PST CLEC 





4¥cqnT mV 


| eG 


TS EET) 
OUT * — 

Siren COLEPRS 

o mJ 


JUNCTION TEMPERATURE ~ °C INPUT VOLTAGE — V OUTPUT CURRENT — mA 


RIPPLE REJECTION AS DROPOUT VOLTAGE 
A FUNCTION OF AS A FUNCTION OF 
OUTPUT VOLTAGE <aUNCTION bhiiticmbaitid 


=: 
pac our our Somat] FY 


cy 








an aa, aan 


RIPPLE REJECTION -- dB 
INPUT-OUTPUT DIFFERENTIAL — ¥ 
Ho tt 








PEELE PSST 


OUTPUT VOLTAGE -— Vv JUNCTION TEMPERATURE — °C 


RIPPLE REJECTION AS 
A FUNCTION OF FREQUENCY | LOAD TRANSIENT RESPONSE LINE TRANSIENT RESPONSE 


Pt TT ty Fame | Pt tp Et | toms | 
SERRE REZS | | | Pimpurvourace | | | 
Pt | | pospounnens TT | SRE eBNEE 
Rat See ae _S Dee 


OUTPUT VOLTAGE 
DEVIATION 


rT | UT 
FINS 


LOAD CURRENT -A 


RIPPLE REJECTION — dB 
OUTPUT VOLTAGE DEVIATION ~ V 
OUTPUT VOLTAGE DEVIATION - mv 

INPUT VOLTAGE - V 





SS ota 
Ea 


FREQUENCY — Hz 
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DESIGN CONSIDERATIONS — The 78MG and 79MG variable voltage regulators have an output voltage which varies from VCONTROL to 
2 2 
typically Vig, — 2 V by Vout = VCONTROL AD The nomina! reference in the 78MG is 5.0 V and 79MG is —2.23 V. If we allow 


1.0 mA to flow in the control string to eliminate bias current effects, we can make R2 = 5 k22 in the 78MG. The output voitage is then: 
Vout = (R1 + R2) Volts, where R1 and R2 are in kQs. : 


Example: If R2= 5 k& and R1 = 10 kf then Vout = 15 V nominal, for the 78MG; 
R2 = 2.2 k& and Ri = 12.8 kQ then Vout = —15.2 V nominal , for the 79MG. 


3 
By proper wiring of the feedback resistors, load regulation of the devices can be improved significantly. 


Both 78MG and 79MG regulators have thermal overload protection from excessive power, internal short circuit protection which limits each 
circuit’s maximum current, and output transistor safe area protection for reducing the output current as the voltage across each pass transistor 
is increased. 


Although the internal power dissipation is limited, the junction temperature must be kept below the maximum specified temperature 
in order to meet data sheet specifications. To calculate the maximum junction temperature or heat sink required, the following thermal resist- 
ance values should be used: 


- 
«= 














TYPICAL MAX TYPICAL MAX 
PACKAGE AJC 6yC OA AJA 
Power Mini DIP (T2) 7.5 11.0 75 80 
Power Watt 8.0 12.0 75 80 
*  TO-39 18.0 25.0 125 185 
TJ (MAX) — TA Ty (MAX) — TA 
PD (MAX) = ————————___ or 2S _ (Without a heat sink) 
93c + 8CA BJA 


8cA = 8cs + OSA 


Solving for Ty: Ty= Tat Po (@jc + 8ca) or Ta + Ppe ya (Without heat sink) 
Where Ty = Junction Temperature jc = Junction to case thermal resistance 
Ta = Ambient Temperature 9CA = Case to ambient thermal resistance 
Pp = Power Dissipation 8cg = Case to ambient thermal resistance 


@sa = Heat sink to ambient thermal resistance 
8 JA = Junction to ambient thermal resistance 





uA78MG AND vA7SMG HA7TEMG AND »A79MG HA78MG AND vA79MG 
POWER MINI DIP (T2) TO-39 POWER WATT (U1) 
WORST CASE POWER WORST CASE POWER WORST CASE POWER 

DISSIPATION VERSUS DISSIPATION VERSUS DISSIPATION VERSUS 


AMBIENT TEMPERATURE AMBIENT TEMPERATURE AMBIENT TEMPERATURE 
1 


eS ESE SE ES ee 
LIMITS FOR C GRADE—}—+4+— 
oe 








; nee 
1 i 
2 
3 Z 5 te a 
Ps Ke F; Slo 
e Fs z aa 
2 8 g IN 
: 6 a KA | 
53 l g N\A 
& are ie, 2 hs \. 
: a ee FIN 
2+ Oc = 25° CW | | NA 
eer a BN 
a 50 75 100 125 150 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C 


rer = Pg. igs 07. | | we os Jee 2 eR neni 
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FAIRCHILD ¢ »A78MG ¢ .A79MG 


TYPICAL APPLICATIONS FOR pA78MG 


In many “A78MG applications, compensation capacitors may not be required. However, for stable operation of the regulator over ali- input 
voltage and output current ranges, bypassing of the input and output (0.33 uF and 0.1 yF, respectively) is recommended. Input bypassing is 
necessary if the regulator is located far from the filter capacitor of the power supply. Bypassing the output will improve the transient response 


of the regulator. 


BASIC POSITIVE REGULATOR POSITIVE 5 TO 30 V POSITIVE 5 TO 30 V ADJUSTABLE REGULATOR 


OUT 
CONTROL 


R1+ R2 
Vout = VCONT ae 


ADJUSTABLE REGULATOR 1OUT > 1.5A 


OF 1>15A— 







O *Vout 








OlpF~ 





+32V 0 





BVBE(Q1) 
TRIMAX) (3) 'OUTIMAX) 


NOTE: External series pass device is 


"+10. V, 500 mA 
not short circuit protected. 


POSITIVE HIGH CURRENT SHORT CIRCUIT DUAL TRACKING REGULATOR 


PROTECTED REGULATOR 
‘ MOTOR SPEED CONTROL 








Rsc ar 










CONTROL 0.1 uF 


COMMON 





0.33 uF 






O Vout 
3 IOUTIMAX) 
iN 78MG : — 





CONTROL 
O.1 pF 
= = Use flyback diode across 
motor if necessary. 
8VBE(Q1) : ; ; 
OO If-load is not ground referenced, connect reverse 
VRIMAX) {8+1)— |OUT(MAX) biased diodes from outputs to ground. 
PROGRAMMABLE SUPPLY : OUTPUT WAVEFORM 
+10 V , +35V 


TIME R/COUNTER 
30V 


7 
7 
a 
4 


64 STEPS 


5v 





ov 





POSITIVE HIGH CURRENT VOLTAGE REGULATOR 


EXTERNAL SERIES PASS (a) SHORT CIRCUIT LIMIT (b) ; 


CONTROL 


(a) z 
‘ COMMON 
our {b) 


tout 
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: t 
TYPICAL APPLICATIONS FOR 79MG 


Bypass capacitors are recommended for stable operation of the uA79MG over the input voltage and Output current ranges. Output bypass 
capacitors will! improve the transient response of the regulator. 


The bypass capacitors, (2 nF on the input, 1 uF on the output) should be ceramic or solid tantalum which have good high frequency 
characteristics. If aluminum electrolytics are used, their values should be 10 uF or larger. The bypass capacitors should be mounted with the 
shortest leads, and if possible, directly across the regulator terminalis. -- 


NEGATIVE HIGH CURRENT SHORT CIRCUIT ‘ 


Asc or 


O -Yout 
> 


TOUTIMAX} 


1.0 ¥F 


—- 6VBE(Q1) 
1R (MAX) (6)— 'OUT(MAX) 


—30 V TO -2.2V NEGATIVE HIGH CURRENT VOLTAGE REGULATOR 
ADJUSTABLE REGULATOR EXTERNAL SERIES PASS 


78MG TEST CIRCUIT 1 | 798MG TEST CIRCUIT 2 


Y ' (RI+ R2 
OUT R2 


VcCONTROL Nominally = 5 Vv VCONTROL Nominally = —2.23 v 


) VCONTROL ; aS ) VCONTROL 


Recommended R2 current ~ 1MA 
2R2 = 5 kQ(78MG)} 
R2 = 2.2 k2 (79MG) 
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—HA723 


PRECISION VOLTAGE REGULATOR 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


GENERAL DESCRIPTION = The uA723 is a monolithic Voltage Regulator constructed using the 
Fairchild Ptanar* epitaxial process. The device consists of a temperature compensated reference 
amplifier, error amplifier, power series pass transistor and current limit circuitry. Additional NPN or 
PNP pass elements may be used when output currents exceeding 150 mA are required. Provisions are 
made for adjustable current limiting and remote shutdown. In addition to the above, the device 
features low standby current drain, {ow temperature drift and high ripple rejection. The uA723 is 
intended for use with positive or negative supplies as a series, shunt, switching or floating regulator. 
Applications include laboratory power supplies, isolation regulators for tow level data amplifiers, logic 
card regulators, small instrument power supplies, airborne systems and other power supplies for digital 
and linear circuits. 


* 


POSITIVE OR NEGATIVE SUPPLY OPERATION 

SERIES, SHUNT, SWITCHING OR FLOATING OPERATION 

0.01% LINE AND LOAD REGULATION 

OUTPUT VOLTAGE ADJUSTABLE FROM 2 TO 37 VOLTS 

OUTPUT CURRENT TO 150 mA WITHOUT EXTERNAL PASS TRANSISTOR 


ABSOLUTE MAXIMUM RATINGS 


_ Pulse Voltage from V+ to V—, (50 ms) (uA723) 50 V 
Continuous Voltage from Vi. to V_ 40V 
input/Output Voltage Differential 40 V 
Differential Input Voltage +5V 
Voltage Between Non-Inverting input and V_. +8V 
Current from Vz 25 mA 
Current from VREF 15 mA 
Internal Power Dissipation (Note 1} 

Metal Can 800 mW 

DIP 1000 mW 
Storage Temperature Range —65°C to +150°C 
Operating Temperature Range 

Military (uA723) —55°C to +125°C 

Commercial (uA723C) 0°C to +70°C 
Lead Temperature (Soldering, 60 s) 300°C 


EQUIVALENT CIRCUIT 


FREQUENCY 
COMPENSATION 


TEMPERATURE 
COMPENSATED 
ZENER 


INVERTING 
INPUT 


© 
£RROA 
AMPLIFIER 


SERIES PASS 


O VREF TRANSISTOR 


NON-INVERTING 
INPUT 


VOLTAGE 
REFERENCE 
AMPLIFIER 


CURRENT 


CURRENT 
LIMITER 


‘Notes on failowing pages. 





















CONNECTION DIAGRAMS 
10-LEAD METAL CAN 
(TOP VIEW) 


CURRENT 


Note: Pin 5 connected to case. 





ORDER INFORMATION 
TYPE PART NO. 
pA723 uA723HM 
pA723C pA723HC 





14-LEAD DIP 
(TOP VIEW) 





NC 


CURRENT 
LIMIT 


CURRENT 
SENSE 


~IN 
+iN 


VREF 





Yu 


ORDER INFORMATION 


TYPE PART NO. 
uAT2Z3 uA72Z3DM 
pA723C pA7230C 


BA7Z3C 2A723PC 


* Planar is a patented Fairchild process 


ete 


FAIRCHILD ° A723 


wA723 


ELECTRICAL CHARACTERISTICS: Ta = 25°C, Vin = V+ = Vc = 12 V, V—=0, Vout =5 V, IL =1 mA, Rgc = 0, C1 = pF, Crer = 0, 


CHARACTERISTICS 


Line Regulation 


Load Regulation 


Ripple Rejection 


+ 

Average Temperature Coefficient 
of Output Voltage 

Short Circuit Current Limit 

Reference Voltage 


Output Noise Voitage 


Long Term Stabiity 

Standby Current Drain 

Input Voltage Range 

Output Voltage Range 
Input/Output Voltage Differential 


unless otherwise specified. Divider impedance as seen by error amplifier < 10 kM connected shown in 
Fig. 1, Line and load regulation specifications are given for the condition of constant chip temperature 
Temperature drifts must be taken into account separately for high dissipation conditions. 


CONDITIONS | MIN | TYP MAX UNITS 
Viyy = 12V %0 Vip = 40V i Se 
[= 1 mA tot = 50mA a Se 
“BOCK TASH T= TmAw=SOMAL fT 88 | Ra 
f= 60 He to 10 KHz a A NR 
(= 50 He to 10 We, Cree = BaF es a 
—55°C ST A S+125°C |} 0.002 0.015 %/°C 
NS 0X2 A | = 
BW 100 Het 10 KH, Caep = 5 uF a = 
000s 
ee Ok + 
ee eee eee es en) eee 
nT Ok) GR : 


pA723C 


ELECTRICAL CHARACTERISTICS: T, = 25°C, Vin = V+ = Vo = 12 V, V— =0, Vout =5 V, IL =1 mA, Rgc =0, C1 = 100 pF, Creg = 0, 


CHARACTERISTICS 


Line Regulation 


Load Regulation 


Ripple Rejection 


Average Temperature Coefficient 
of Output Voltage 


Short Circuit Current Limit 
Reference Voltage 


Output Noise Voltage 


Long Term Stability 

Standby Current Drain 

Input Voltage Range 

Output Voltage Range 
Input/Output Voltage Differential 


et 


unless otherwise specified. Divider impedance as seen by error amplifier < 10 k& connected as shown in 
Fig. 1. Line and load regulation specifications are given for the condition of constant chip temperature. 
Temperature drifts must be taken into account separately for high dissipation conditions. 


CONDITIONS 


UNITS 
Vin = 12V to Vin, = 15V 
Vin 12V to Vin = 40V 
0 C&T, S70 C, Vin = 12V to Vin) = 15V 


el 
aa 
ae 

i, =tTmAtol, =50mA ie 0.03 
eed 
bee | 
P| 


f = 50 Hz to 10 kHz , 
f =50Hzto 10 kHz, Cree = 5 we 


o°’c T, S70°C, 7 =4mAto i = 50 mA 
o°c ST, 70°C 


BW = 100 Hz to 10 kHz, C,-- =0 Bae a ae se 

BW = 100 Hz to 10 kHz, Chee = 5 uF ee ee ee 
ea eee) Gene) a ee ee 
PLSOVyewvSCSCSCS~sSCSC~‘“SCS ma 
eee eee as Eee ee | ee 
ae (a (ce 
a re eee J Umea ne. i a 
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TYPICAL PERFORMANCE CURVES FOR A723 AND ».A723C 


LINE REGULATION AS A - LOAD REGULATION AS A 
FUNCTION OF INPUT/OUTPUT FUNCTION OF INPUT/OUTPUT 
VOLTAGE DIFFERENTIAL VOLTAGE DIFFERENTIAL 


Vout" *5¥ 
=0 





Ty" 23°C 
AV? 43 


OUT + 


$ 





REGULATION - % ¥ 
$ Py 


REGULATION = % Vou7 











in > Your! > ¥ 


CURRENT LIMITING 
CHARACTERISTICS AS A 
FUNCTION OF JUNCTION 

TEMPERATURE 

















> 0. 
g 
3 o, 
4 
ot 
- 
= 
5 
4 
= 
3 


LIMITING CURRENT - mA 
OUTPUT VOLTAGE DEVIATION - mV 
INPUT VOLTAGE DEVIATION - VOLTS 


JUNCTION TEMPERATURE - °C 


LOAD TRANSIENT OUTPUT IMPEDANCE AS A 
FUNCTION OF FREQUENCY 


Your" +5 GE SEI! Cont 
vw" at ae mil 
f coo IT if 
B hictedy a 


Frit Con 
acti = aii ro 


fl i at wil 
He Mal 


Tc 
UME LAT 














LOAD DEVIATION - mA 
OUTPUT IMPEDANCE ~ $% 





OUTPUT VOLTAGE DEVIATION - mV 





NOTES: 
1. Rating applies to ambient temperatures up to 25°C. Above 25°C ambient derate based on the foliaqwing thermal resistance values: 
930 
TYP MAX 
TO-5 : 150 190 
Plastic DIP 150 190 
Ceramic DIP 125 160 


47 is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009” air gap. 
Figures in parentheses may be used if R;/R divider is placed on opposite side of error amp. 

Replace R4/Ro2 in figures with divider shown in figure 13. 

Vt must be connected to a +3 V or greater supply. 

For metal can applications where V7 is required, an external 6.2 volt zener diode should be connected in series with Vourt. 
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. TYPICAL PERFORMANCE CURVES FOR ypA723 
MAXIMUM LOAD CURRENT 


AS A FUNCTION OF LOAD REGULATION . LOAD REGULATION 
INPUT-OUTPUT VOLTAGE CHARACTERISTICS WITHOUT CHARACTERISTICS WITH 
DIFFERENTIAL CURRENT LIMITING CURRENT LIMITING 


Se, 
oss 
Rae 








(No heat sink) 




















Fa 


& 
a 
Hf 


LOAD CURRENT - mA 
REGULATION - % Voy 





2 
G 


7 aaenmney © 
Coo 











8 


10 
INPUT-OUTPUT VOLTAGE DIFFERENTIAL ¥ OUTPUT CURRENT - mA OUTPUT CURRENT - mA 


LOAD REGULATION | | STANDBY 
CHARACTERISTICS CURRENT LIMITING AS A FUNCTION on 
WITH CURRENT LIMITING CHARACTERISTICS INPUT VOLTAGE 


ees) (A 

7 = = 
Hy SEERA 

EoEEEE 

















a 








REGULATION - % V, 


RELATIVE OUTPUT VOLTAGE - V 

















STANDBY CURRENT ~ mA 


be ZePNNENIY [ecla 


OUTPUT CURRENT - mA OUTPUT CURRENT - mA sion taesce 


TYPICAL PERFORMANCE CURVES FOR yvA723C 


MAXIMUM LOAD CURRENT MAXIMUM LOAD CURRENT 
AS A FUNCTION OF AS A FUNCTION OF LOAD REGULATION 
INPUT/OUTPUT VOLTAGE INPUT/OUTPUT VOLTAGE CHARACTERISTICS WITHOUT 
DIFFERENTIAL DIFFERENTIAL CURRENT LIMITING 
- 200 























LOAD CURRENT ~ mA 


LOAD CURRENT - mA 
* REGULATION - % Vou 
rf 











{NPUT-OUTPUT VOLTAGE DIFFERENTTAL - ¥ ts INPUT-OUTPUT VOLTAGE.DIFFERENTIAL — V OUTPUT CURRENT - mA 


é 


LOAD REGULATION STANDBY CURRENT DRAIN 
CHARACTERISTICS CURRENT LIMITING AS A FUNCTION OF 
WITH CURRENT LIMITING CHARACTERISTICS. INPUT VOLTAGE 


+0.1 
Ree ie ee 


PT aet e 
A a Di a 





OUT 








STANDBY CURRENT - mA 


REGULATION - % V, 





Sonny ie 
RELATIVE OUTPUT VOLTAGE 

















OUTPUT CURRENT ~ mA ; INPUT VOLTAGE - V 
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FAIRCHILD e A723 ve 


TABLE 1 
RESISTOR VALUES (k {2} FOR STANDARD OUTPUT VOLTAGES 


POSITIVE APPLICABLE | FIXED OUTPUT | OUTPUT ADJUSTABLE | NEGATIVE APPLICABLE } FIXED OUTPUT 5% OUTPUT 
OUTPUT VOLTAGE | FIGURES +5% +10% (Note 4) | QUTPUT VOLTAGE | FIGURES +5% ADJUSTABLE +10% 


| Notes) | RT R LR | Le es te 
+3.0 i, 5, 6,9, | 4.12 | 3.01 0.5 24 +100 7 3.57 10 91 
12 (4) | 
+3.6 1,5, 6,9, | 3.57 | 3. 5 | +4250 : 10 
12 (4) - 
+5.0 1,5, 6,9, | 215 | 4. 2 | —6(Note5)} 3, (10) : 2 | 05 
12 (4) 
+6.0 1,5,6,9, | 115 | 6 : i : ; : 0.5 
12 (4) 
+9.0 2,4, & 6 | 187 | 7. 05 
12, 9) 
+12 2, 4, (5, 6,| 4.87 | 7. f : 05 
9, 12) 
+15 2, 4, (5, 6} 7.87 | 7. ; ; 05 
9, 12) 
+28 2, 4,-(5, 6, | 21. : i : : 10 
9, 12) 
+45 : 10 
+75 2 10 


TABLE Wi 
FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES 


Outputs from +2 to +7 volts Outputs from +4 to +250 volts Current Limiting 
{Figures 1, 5, 6, 9, 12, (4)] : iets 7] ; ia ae 
Your = [rer X 2 Your = [ 7 x om ‘4; R,=R, 

U 


Outputs from +7 to +37 volts Outputs from —6 to —250 voits Foldback Current Limiting 
{Figures 2, 4, (5, 6, 9, 12)] (Figures 3, 8, 10] Vense (Rs + Ry) 

R, +R, 
R, 


] 
Vout = Meer X 


Isport CKT 


=f Voense 
R 


sc 


BASIC LOW VOLTAGE REGULATOR BASIC HIGH VOLTAGE REGULATOR 
(Vout =2to7 V) , (Vout = 7 to 37 V) 


REGULATED 
OUTPUT 


Cy 100pF 
TYPICAL PERFORMANCE : ; 
Regulated Output Voltage 5V TYPICAL PERFORMANCE 


, Line Regulation (AVin = 3 V) 0.5 mV . Regulated Output. Voltage 1I5V 
Load Regulation (Al.—50 mA) 1.5 mV Line Regulation (AVin = 3¥) 1.5 mV 
; Ri Re Load Regulation (Al.=-50 mA) 4.5 mV 


Ra for minimum temperature drift. Note: R; = RR: for minimum temperature drift. 
R3 may be eliminated for minimum component count. 


Fig. 1 Fig. 2 
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FAIRCHILD ¢ A723 


NEGATIVE VOLTAGE REGULATOR 


Vin 


REGULATED 
OUTPUT 





TYPICAL PERFORMANCE 


Regulated Output Voltage —15V 

Line Regulation (AVIN==3V) 1 mV 

Note 6 Load Regulation (Ai. = 100 mA) 2 mV 
Fig. 3 





POSITIVE VOLTAGE REGULATOR 
AExternal PNP Pass Transistor) 


Yin 


REGULATED 
‘QUTPUT 





TYPICAL PERFORMANCE 

Regulated Output Voltage +5¥V 
Line Regulation (AVin = 3) 0.5 mV 
Load Regulation (Al, — 1 A) 5 mv 


Fig. 5 





POSITIVE FLOATING REGULATOR 


REGULATED 
OUTPUT 





TYPICAL PERFORMANCE 


Regulated Output Voltage +50V 
Line Regulation (AVin = 20V) 15 mV. 
Note 6 Load Regulation (Alu = 50 mA) 20 mV 


Fig. 7 





Note 6 
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< s 


POSITIVE VOLTAGE 


a 


REGULATOR 


{External NPN Pass Transistor) 





TYPICAL PERFORMANCE 


Regulated Output Voltage +15 V 
Line Regulation (AVin = 3V) 1.5 mV 


Load Regulation (Al, = 1 A) 15 mV 


Fig. 4 


FOLDBACK CURRENT LIMITING 





REGULATED 
OUTPUT 


TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 
Line Regulation (AV,,, = 3V) 0.5 mV 
Load Regulation (Al, = 10 mA). 1 mV 
Short Circuit Current 20 mA 


Fig. 6 


Fig. 8 


NEGATIVE FLOATING REGULATOR 


Yin 


REGULATED 
OUTPUT 


TYPICAL PERFORMANCE 
Regulated Output Voltage —100V 
Line Regulation (AVin = 20 V) 30 m¥ 
Load Regulation(4f:—100 mA) 20 mV 


FAIRCHILD © »A723° P 


POSITIVE SWITCHING REGULATOR 


NEGATIVE SWITCHING REGULATOR 


Yon 


TYPICAL PERFORMANCE 
Regulated Output Voltage +5V 
Line Regulation (AVin = 30 V¥) 10 mV 
Load Regulation (Al: = 2 A) 80 mV 


TYPICAL PERFORMANCE 


Regufated Output Voltage —15V 
Line Regulation (AViIN == 20¥) 8S mV 
Load Regulation (Al. = 2 A) 6 mv 


Fig. 9 Fig. 10 


- REMOTE SHUTDOWN REGULATOR WITH ; | SHUNT REGULATOR 
CURRENT LIMITING 


Note 1: Current limit transistor may be TYPICAL PERFORMANCE 


TYPICAL PERFORMANCE 


used for shutdown if current 
limiting is not required. 
2: add if Vout >10V 


OUTPUT VOLTAGE 
ADJUST 


Regulated Output Voltage +5¥V 
Line Regulation (AVin = 3 V¥) 0.5 mV 
Load Regulation (AiL=50 mA) 1.5 mV 





Regulated Output Voltage +5V— 
Line Regulation (AVin = 10 ¥) 0.5 mV 
Load Regulation (Al: = 100 mA) 1.5 mV 


Fig. 12 


O COMPENSATION 
CURRENT 
LIMIT 


oo 
« . 


A105 - pA305- pA305A+ A376 


VOLTAGE REGULATORS 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


GENERAL DESCRIPTION — The 105/305/305A/376 are monolithic Positive Voltage “Reguiators 
constructed using the Fairchild Planar* epitaxial Process. Applications for these devices include both 
linear and switching regulator circuits with output voltages greater than 4.5 V. These devices will not 
oscillate when confronted with varying resistive and reactive loads and will start reliably regardless of 
the load within the ratings of the circuit. They also feature fast response to both load and line 
transients. Used independently, the 105/305 will supply 12 mA, the 305A, 45 mA and 376, 25 mA. 
The 106 is specified for the military temperature range (—55°C to +125°C) and the 305/376/305A are 
specified for 0°C to +70°C operation. The 105/305/305A are in an 8-lead TO-5 package and the 376 
is available in the space and cost saving mini DIP. 


LOW STANDBY CURRENT DRAIN 

ADJUSTABLE OUTPUT VOLTAGE FROM 4.5 V TO 40 V 

HIGH OUTPUT CURRENTS EXCEEDING 10A WITH EXTERNAL COMPONENTS 
LOAD REGULATION BETTER THAN 0.1%, FULL LOAD WITH CURRENT LIMITING 
DC LINE REGULATION GUARANTEED AT 0.03%/V 

RIPPLE REJECTION OF 0.01%/V 


ABSOLUTE MAXIMUM RATINGS 


input Voitage 7 

BA105, uA305A 50 V 

4#A305, nA376 40 V 
Input/Output Voltage Differential 40 Vv 
Intagnal Power Dissipation (Note 1) 

#A105, 2A305, uA305A 500 mw 

uA376 . 450 mW 
Operating Temperature Range 

Military (uA105) —55°C to +125°C 

Commercial (uA305, nA305A, 4A376) 0°C to +70°C 
Storage Temperature Range 

Metal Can —65°C to +150°C 

Mini DIP : —55°C to +125°C 
_Lead Temperature 

Metal Can (Soldering, 60 s) 300°C 

Mini DIP (Soldering, 10 s) 260°C 








EQUIVALENT CIRCUIT 


© UNREGULATED INPUT 
© BOOSTER OUTPUT 
© CURRENT LIMIT 


© REGULATED OUTPUT 


7 COMPENSATION 
U SHUTDOWN 


© FEEDBACK 
O REFERENCE BYPASS 


© COMMON 


PIN CONNECTIONS SHOWN ARE FOR METAL CAN 


Notes on following pages. 









CONNECTION DIAGRAMS 
8-LEAD METAL CAN 
(TOP VIEW) 


CURRENT 


6 Q FEEDBACK 


COMMON 


ORDER INFORMATION 


TYPE PART NO. 
vA105 *  pA105HM 
uA3SO5 vA305HC 


uAZ05AHC 


8-LEAD MINI DIP 
(TOP VIEW) 


CURRENT LIMIT 
BOOSTER OUT 
UNREG IN 


COMMON 


ORDER INFORMATION 
TYPE PART NO. 




























pAZ7E6 BRAZTETC 


*Planar is a patented Fairchild process, 









FAIRCHILD ¢ A105 © »A305 © ,A305A © nA376 





pA105 


ELECTRICAL CHARACTERISTICS: Ta = 25°C unless otherwise specified Note 2 


CHARACTERISTICS CONDITIONS TYP 


Input’ Voltage Range 
Output Voltage Range 
Output/Input Voitage Differential 


Rgc = 10, Ta = 25°C 
Load Regulation (Note 3) O<1f <12mA_ | Rgc = 102, Ta = 125°C 
Rsc = 102, Ta = -55°C 


Line Regulation 


t 


Ripple Rejection CRer=10uF,f=120Hz [| | 


Temperature Stability (Note 5) -55°C < Ta < 125°C 
Feedback Sense Voltage 


REF = 0 
Cree > 0.1 pF 


Current Limit Sense Voltage Rgc = 102, Tp, = 25°C, 375 ~ 
(Note 4) Vo =0V 


Output Noise Voltage 


—_ 
fo] 
x 
N 
A 
a 
A 
r=) 
x 
=r 
N 
r 


Standby Current Drain Vin = 50 V 
Long Term Stability 


wA305 


ELECTRICAL CHARACTERISTICS: T, = 25°C unless otherwise specified Note 2 


CHARACTERISTICS CONDITIONS TYP 


Input Voltage Range 
Output Voltage Range 
Output/Input Voltage Differential 


o 


Rsc = 102, Ta = 25°C 
Load Regulation (Note 3) O<I,<12mA_ | Rec = 152, Ta = 70°C 
Rsc = 102, Ta = 0°C 


Vin-Vo<5V 
Line Regulation IN oO 


Ripple Rejection Cree = 10 uF, f = 120 Hz ee 
Temperature Stability (Note 5) O°C <Ta < 70°C hs 


Feedback Sense Voltage 


‘ie Cc =0 0.005 
Output Noise Voltage 10 Hz << 10 kHz] “REF 
Crer > 0.1 uF 0.002 
Current Limit Sense Voltage Rgc = 102, Ta = 25°C nae 
: (Note 4) Vo=0V 
Siandby Current Drain vin=40V aera Ne Toa 
Long Term Stability ee 


NOTES 


1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.25 mw/°C for the metal can and 5.6 mw/°C 


for the mini Dip. 


2. These specifications apply for input and output voltages within the ranges given, and for a divider impedance seen by the feedback 
terminal of 2 kQ, unless otherwise specified. The load and line regulation specifications are for constant junction temperature. Temperature 


drift effects must be taken into account separately when the unit is operating under conditions of high dissipation. 


3. The output currents given, as well as the load regulation, can be increased by the addition of externa! transistors. The improvement 


factor will be roughly equal to the composite current gain of the added transistors. 


4. With no external pass transistor. 


5. Temperature Stability is defined as the percentage change in output voltage for a thermal! variation from room temperature to either 


-temperature extreme, 
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FAIRCHILD ¢ A105 © ,A305 ¢ pA305A © :AST6 


vA305A 


ELECTRICAL CHARACTERISTICS: Ta = 25°C unless otherwise specified Note 2 


CHARACTERISTICS CONDITIONS 


~ 
< 
uv 


Input Voltage Range 
Output Voltage Range 
Output/Input Voltage Differential 


w 
Qo 


a 


Rsc = 02, Ta = 25°C 
Load Regutation (Note 3) O<I_ <45mMA | Roc = 02, Ta = 70°C 
Rgc. = 02 Ta =0°C . 


bad 
- 


= or 
: 


> 


Line Regulation 


Ripple Rejection Crer ='10 uF, f = 120 Hz 
Temperature Stability (Note 5) 0°C < Ta < 70°C 
Feedback Sense Voitage 


“J 


Crer =0 

Crer > 0.1 uF 

Current Limit Sense Voltage Rgc = 102, Ta = 25°C, 
(Note 4) Vo=0V 

’ Standby Current Drain 

Long Term Stability 


Output Noise Voltage 10 Hz < f < 10 kHz 


wA376 
ELECTRICAL CHARACTERISTICS 0°C < Ta < 70°C 


4 
uv 


CHARACTERISTICS CONDITIONS 


Input Voltage Range 
Output Voltage Range 
Output/Input Voltage Differential 


a 


Rsc = 02, Ta = 25°C 
Load Regulation O0<I_L<25mA | Rgc=0Q, Ta = 70°C 
Rsc = 02, Ta = 0°C 


| so | 
ate 
ames 
[Rsc=08,Ta=70 
aa 
are 
fares 
aca 
ras 
[7.60 
ewe a 


Line Regulation 


Ripple Rejection f = 120 Hz, Ta = 25°C 
Standby Current Drain VIN = 30 V, Ta = 25°C 
Reference Voltage 

Current Limit Sense Voltage 


~! 
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FAIRCHILD © A105 © zA305 © »A305A © 1A376 







TYPICAL PERFORMANCE CURVES FOR 2A105/nA305/pA305A 





CURRENT LIMITING 
. LOAD REGULATION |. CHARACTERISTICS 











- fe es te She 
® Pd = a 
f | “3 7 ’ > 
g P| RARE. . 
6 ° w 
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E = : : 
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8 ac Eez | 5 
= ~0.02 7 - & 
3 PTT | fracrch S 3 
> uw 
z z E 
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. preot | tf | . 
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LOAD CURRENT — mA LOAD CURRENT ~ mA OUTPUT CURRENT - mA 





SHORT CIRCUIT CURRENT OPTIMUM DIVIDER 
AS A FUNCTION OF TEMPERATURE RESISTANCE VALUES 


CURRENT LIMIT SENSE VOLTAGE 






Ay/Rg = 2k2 
Ry = 1.31 Vout 











CURRENT LIMIT SENSE VOLTAGE ~ V 
SHORT CIRCUIT CURRENT ~ mA 
RESISTANCE — ki 











TEMPERATURE — °C : . TEMPERATURE ~ °C OUTPUT VOLTAGE - V 


SUPPLY VOLTAGE REJECTION 
MINIMUM INPUT VOLTAGE AS A FUNCTION OF INPUT/OUTPUT | 
REGULATOR DROPOUT VOLTAGE VOLTAGE DIFFERENTIAL 


0.1 pe 
SEE SS SEE FAD Baas = = 
Pett Yeur «v7 


















Your = 10¥ eS Gee 
ee ida TT 7, = re $3 
ne sc. ee; Saess nae GA BEE = 
et (ae 
z 
> > g il 
| a 5 oe =a" 
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> > . q SED seed & “OS Ae pe ee 
od bt - rs ee “SS ee ee es ee 
2 2 | 3 0.006 pF 
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pod x En eines 
a 
2B 0.002 Crer = Our! hie eae 
ai me eae 
se a 
1 2 5 10 20 1] 
TEMPERATURE ~ °C TEMPERATURE - °C INPUT-OUTPUT VOLTAGE DIFFERENTIAL — V 











MINIMUM OUTPUT VOLTAGE STANDBY CURRENT DRAIN 
AS A FUNCTION OF INPUT VOLTAGE 
1.2 


|_| | 
: I 
q 
\ 
7 { 
: i 
z + ‘ 


TRANSIENT RESPONSE 

































OUTPUT VOLTAGE - V 
STANDBY CURRENT - mA 
OUTPUT VOLTAGE DEVIATION - v 








OUTPUT VOLTAGE DEVIATION — % 


FAIRCHILD © A105 © .A305 ¢ pA305A © .A376 
TYPICAL PERFORMANCE CURVES FOR pA376 


— CURRENT LIMITING CURRENT LIMIT SENSE VOLTAGE 
LOAD REGULATION CHARACTERISTICS AS A FUNCTION OF TEMPERATURE 



































RELATIVE OUTPUT VOLTAGE - V 
CURRENT LIMIT SENSE VOLTAGE oV 








LOAD CURRENT - mA OUTPUT CURRENT - ind AMBIENT TEMPERATURE - 


MINIMUM INPUT VOLTAGE 
AS A FUNCTION OF TEMPERATURE REGULATOR DROPOUT VOLTAGE OPTIMUM DIVIDER RESISTANCE 


= LDV ko 


> ~ 2, 
| t 4 
g 8 
< = 3) 
~ r z 
fa) 3 < 
a > % 
res & 
2 2 FA 
z 3 « 


AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE - C OUTPUT VOLTAGE - V 
STANDBY CURRENT DRAIN SUPPLY VOLTAGE REJECTION 
AS A FUNCTION OF INPUT VOLTAGE AS A FUNCTION OF INPUT/OUTPUT 
Ta = 25°C VOLTAGE DIFFERENTIAL _TRANSIENT RESPONSE 


ke 

















STANDBY CURRENT ~ mA 
SUPPLY VOLTAGE REJECTION — %/V 
OUTPUT VOLTAGE DEVIATION - mv 





INPUT VOLTAGE -— V INPUT/OUTPUT VOLTAGE DIFFERENTIAL 


BASIC POSITIVE REGULATOR WITH CURRENT LIMITING 


Vv 
T 
REGULATED ie 
OUTPUT : 
CURRENT Ay COMPENSATION $' 
LIMIT ry SHUTDOWN 


UNREGULATED 
INPUT 


Ry + Ro 
Vout ¥ 1.72 ——— 


pee le 








FAIRCHILD © A105 © »A305 HA3O5SA © 1A376 





TYPICAL APPLICATIONS 


if 


10A REGULATOR WITH FOGDBACK CURRENT LIMITING 1.0A REGULATOR WITH PROTECTIVE DIODES 


Vout =5 4 Vout 28V 
e 


DI 
E» u7A3305 


= 


t Solid tantalum * Protects against input voitage t Protects against shorted input or 
* Electrolytic reversal inductive loads on unregulated ~ 
tt Protects against output supply 
voitage reversa! 


LINEAR REGULATOR WITH FOLDBACK CURRENT LIMITING CURRENT REGULATOR 


Vout = 18V 
200 mA 


2 
2N3714 


SHUNT REGULATOR SWITCHING REGULATOR 


D1 1N3821 3.3V 


Vin <-18V 


Vin vasv 
. ; t Solid tantalum ; 
+t 125 turns #22 on Arnoid Engineering 


A262123-2 molybdenum permalloy core. 


\.  F=122 


A104 - A304 
NEGATIVE VOLTAGE REGULATORS 


FAIRCHILD LINEAR INTEGRATED CIRCUITS 


Pal 


GENERAL DESCRIPTION — The 104 family of Precision Negative Voltage Regulators is constructed 
using the Fairchild. Planar* epitaxial process. This device can be Programmed by a single external 
resistor to supply any voltage from 0 V to 30 V from a single unregulated supply. When used with a 
separate floating bias supply, the 104/304 can provide 0.01% regulation with the output voltage 
limited only by the breakdown of external pass transistors. The 104 and 304 provide complementary 
operation with the 105 positive “regulator family. Although primarity designed as a linear series 
regulator, the 104 family can be used as a current regulator, switching regulator, or in control applica- 
tions. Without external pass elements, the device can supply currents up to 25 mA; with external pass 
transistors, the output current is limited only by the capacity of the pass transistors. External resistors 
establish the output voltage and either constant or fold-back current limiting. 


CONNECTION DIAGRAM 
10-LEAD METAL CAN 
(TOP VIEW} 






© TmV REGULATION WITH FULL LOAD 

@ 0.01%/V LINE REGULATION 

@ 0.2 mV/V RIPPLE REJECTION 

¢ 0.3% TEMPERATURE STABILITY OVER FULL TEMPERATURE RANGE 


SQJREG OUT 





(¥ CURRENT 





ABSOLUTE MAXIMUM RATINGS 










Input Voltage 
A104 50 Vv 
uA304 40 V 

Input/Output Voltage Differential Note: Pin 5 connected to case. 
BA104 © 50V- 

#vA304 40 V 

Power Dissipation (Note 1) 500 mW ; 

Operating Temperature Range ORDER INFORMATION 
Military grade (uA104) 55°C to +128°C EYRE PART NO. 
Commercial grade (uA304) 0°C to +70°C HANGS HATOAHM 

Storage Temperature Range —65°C to +150°C HAS04 AAZOSHE 





Lead Temperature (Soldering, 10 s) 300°C 


EQUIVALENT CiRCUIT 


ADJUSTMENT 


REGULATED 
OUTPUT 


OUTPUT 


UNREGULATED 
INPUT 


REFERENCE REFERENCE COMPENSATION 
SUPPLY 





Notes on following pages. , *Planar is a patented Fairchild process. 
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CHARACTERISTICS 


Input Voltage Range 
Output Voltage Range 
Output/Input Voitage Differential (Note 3) 


Load Regulation (Note 4) 
Line Regulation (Note 5) 
Ripple Rejection 


Output Voltage Scale Factor Q/R2 
Temperature Stability 
Output Noise Voltage 


Standby Current Drain 


Long Term Stability 






CHARACTERISTICS 


Input Voltage Range 
Output Voltage Range 
Output/Input Voitage Differential {Note 3) 


Load Regulation (Note 4) 

Line Regulation (Note 5} 

Ripple Rejection 

Output Voltage Scale Factor Vo/R2 
Temperature Stability 

Output Noise Voltage 


Standby Current Drain 


Long Term Stability 


NOTES: 


ELECTRICAL CHARACTERISTICS: Vin = —40 V to -8.0 V, Ta = 0°C to 70°C, unless otherwise specified, Note 2 


ELECTRICAL CHARACTERISTICS: Vin = —50 V to —8.0 V, Ta = —55°C to 125°C, unless otherwise specified, Note 2 


FAIRCHILD ° .A104 ¢ ».A304 





A104 


Pe oe 
aes mn mm a) ee Fs ee 
Papsmoma CSCW 
SS eee a a a 
<i <2mA RecA CY 
Vo <-SviaVin=O1Vin | | 0086 [oa | 
c= TOF, | Vin>—1ev | | 02 | 08 | mv 
~7V 2 Vin 2 —15V ee ee 
R1= 2.4 kQ | 20006-] 22 | kO 


Vo <-1V,—-55°C < Ta < 128°C 
10 Hz < f < 10 kHz, 
Vo <-5V, C2 = 10 uF 
=0 

Vo =-40V 


IL =S5mA 


< 
i 


Vo<-1V 


A304 


CONDITIONS 


i, = 20 mA 
ly =SmA 
0< 1, <20mA, Rgc = 152 

Vo <—5 V, AViN = 90.1 VIN 
C2=10uF, Vin <—18V 

f = 120 Hz, —7V 2>Vin 2 —15 
Rt = 2.4 k2 

Vo <—-1V,0°C <Ta < 70°C 

10 Hz < f < 10 kHz, 
Vo <-5V, 


: 


[=] 
< 


2.2 V/kQ 


C2 = 10 uF 
Vo 70 


ly) =5mA 
Vo =-30V 


wt 
3 
> 


Vo<-1V 


1. Rating applies to ambient temperatures up to 70°C. Above 70°C ambient derate linearly at 6.3 mw/°c. 

2. The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into account 
separately when the unit is operating under conditions of high dissipation. See Basic Regutator Circuit. 

3. When external booster transistors are used, the minimum output-input voltage differential is increased, in the worst case, by 
approximately 1 V. ; ; 

4. The output currents given, as well as the load regulation, can be increased by the addition of external transistors. Thé improvement factor 

5. 








will be roughly equal to the composite current gain of the added transistors. 
With zero output, the dc fine regulation is determined from the ripple rejection. Hence, with output voltages between 0 V and —5 V, adc 


output variation, determined from the ripple rejection, must added to find the worst-case line regulation. 
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FAIRCHILD © :A104-0 A304 


TYPICAL PERFORMANCE CURVES FOR A104 


LOAD REGULATION LOAD REGULATION CURRENT LIMITING 


OUTPUT VOLTAGE DEVIATION — mv 
OUTPUT VOLTAGE DEVIATION — mV 
OUTPUT VOLTAGE ~ Vv 


LOAD CURRENT — mA LOAD CURRENT — mA LOAD CURRENT — mA 


SUPPLY VOLTAGE REJECTION SUPPLY VOLTAGE 


AS A FUNCTION OF REJECTION WITH PREREGULATED 
DC INPUT VOLTAGE REFERENCE SUPPLY RIPPLE REJECTION 


[Mowemtvon TY ft tf | 
tipple 
amare Feeeaes aoe a Zz 


REPRERRREE Tt 


r) 
8 


SUPPLY VOLTAGE AZJECTION — %/V 
RIPPLE FEEOTHROUGH — mv 


2 
# 
I 
2 
2 
5 
uw 
> 
uw 
< 
w 
<q 
5 
° 
> 
> 
~ 
& 
3 


DC INPUT VOLTAGE - V DC INPUT VOLTAGE - Vv DC INPUT VOLTAGE — ¥ 


CURRENT LIMIT SENSE VOLTAGE MINIMUM INPUT VOLTAGE 
AS A FUNCTION AS A FUNCTION 
OF TEMPERATURE REGULATOR DROPOUT VOLTAGE OF TEMPERATURE 


CUARENT LIMIT SENSE VOLTAGE — V 
INPUT YOLTAGE — v 
INPUT VOLTAGE — V 


TEMPERATURE — °C * TEMPERATURE — ° 
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FAIRCHILD © .A104 © ,A304 ; ee 


_ TYPICAL PERFORMANCE CURVES FOR A304 


LOAD REGULATION a By LOAD REGULATION . CURRENT LIMITING 
+ a a 


<i Z 
HPP pel 
OE 
este ae T= 25°C 


QUTPUT VOLTAGE DEVIATION —- mV 
QUTPUT VOLTAGE DEVIATION — mV 
OUTPUT VOLTAGE -— Vv 


ml 
i} 
< 


LOAD CURRENT — : LOAD CURRENT - LOAD CURRENT — mA 


SUPPLY VOLTAGE REJECTION SUPPLY VOLTAGE 
AS A FUNCTION OF REJECTION WITH PREREGULATED 
DC INPUT VOLTAGE REFERENCE SUPPLY RIPPLE REJECTION 


a=] TTT I 
aS aroe TT TT 


rc 


SUPPLY VOLTAGE REJECTION — %/V 
RIPPLE FEEDTHROUGH — mV 


z 

#F oJ 
ial 
z 

2 
Beles 
oO 

w 

w a: 
at 

a ee 
3 

oe 
Pind 

a 0: 
ole 
> 

> 

a 
Biel! 
ee aligs 


DC INPUT VOLTAGE -- ¥ DC INPUT VOLTAGE - V DC INPUT VOLTAGE — V 


CURRENT LIMIT SENSE VOLTAGE -s—Ci : MINIMUM INPUT VOLTAGE 
AS A FUNCTION ; . AS A FUNCTION 
OF TEMPERATURE REGULATOR DROPOUT VOLTAGE OF TEMPERATURE 


1.0 
Your: 10¥ Ban 





INPUT VOLTAGE - V 
INPUT VOLTAGE — Vv 





“CURRENT LIMIT SENSE VOLTAGE - V 





TEMPERATURE — °C - : : - TEMPERATURE — °C : TEMPERATURE —‘C 
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FAIRCHILD © A104 © .A304 


TYPICAL PERFORMANCE CURVES FOR A104 AND A304 


STANDBY CURRENT DRAIN 
LINE TRANSIENT RESPONSE LOAD TRANSIENT RESPONSE AS A FUNCTION OF TIME 
Vout * 10¥ 


Vig? t¥ 
1, SSns 


OUTPUT VOLTAGE DEVIATION — mv 
OUTPUT VOLTAGE DEVIATION —~ mV 
STAND8Y CURRENT DRAIN — mA 


TYPICAL APPLICATIONS 


HIGH CURRENT REGULATOR SWITCHING REGULATOR 


Vout = —-10V 
four 2A 


Q 
2N3714 


tSolid Tantalum 


*60 Turns #20 
on Arnold 
Engineering 
A930157-2 
Molybdenum 
Permalloy Core. 


tSolid Tantalum 


OPERATING WITH SEPARATE BIAS SUPPLY 


tSolid Tantalum 
+Trim Ry for exact 
scale factor 


* tSolid Tantalum 
NOTE: 


A 0.01 uF capacitor may be required across the input if jong leads are used from the unregulated power source. Lina transient response, noise 
- and rippte rejection can be improved by shunting R2 with a 10 BF capacitor C2. 
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uA78S40 


UNIVERSAL SWITCHING REGULATOR SUBSYSTEM 
FAIRCHILD LINEAR INTEGRATED CIRCUITS 





GENERAL DESCRIPTION — The 4A78S40 is a Monolithic Regulator Subsystem con- 
sisting of ail the active building blocks necessary for switching regulator systems. The 
device consists of a temperature-compensated voitage reference, a duty-cycle con- 
troliabie oscillator with an active current limit circuit, an error amplifier, high-current, 
high-voltage output switch, a power diode and an uncommitted operational amplifier. 
The device can drive external npn or pnp transistors when currents in excess of 1.5 Aor 
voitages in excess of 40 V afe required. The device can be used for step down, step up or 
inverting switching regulators as wel! as for series pass regulators. It features wide 
supply voltage range, low standby power dissipation, high efficiency and low drift. It is 
useful for any stand-alone, low partcount switching system and works extremely well in 
battery operated systems. 





CONNECTION DIAGRAM 
16-PIN DIP 
(TOP VIEW) 












1eq_ J SWITCH COLLECTOR 





167 Jonver COLLECTOR 







@ STEP UP, STEP DOWN OR INVERTING SWITCHING REGULATORS 
® OUTPUT ADJUSTABLE FROM 1.3 to 40 V 

@ OUTPUT CURRENTS TO 1.5 A WITHOUT EXTERNAL TRANSISTORS 
© OPERATION FROM 2.5 TO 40 V INPUT 

® LOW STANDBY CURRENT DRAIN 

®@ 80 dB LINE AND LOAD REGULATION 

© HIGH GAIN, HIGH CURRENT, INDEPENDENT OP AMP 


rr COMPARATOR 
WNVERTING INPUT 










ORDER INFORMATION 
TYPE _ PART NO. 


wA7BS40 uATES40DM 
pATES40 wAT8S40DC 
pATBES40 pAT7BS40PC 









BLOCK DIAGRAM 






COMPARATOR COMPARATOR 
WON-INVERTING INVERTING TIMING box DAIVER SWITCH 

INPUT INPUT CAPACITOR SENSE GROUND COLLECTOR COLLECTOR 
Voc 

















Cr Ipk 
OSCILLATOR 






a! ao ee ee dad 








REFERENCE OP AMP OP AMP OP AMP OPAMP SWITCH DIODE DIODE 
VOLTAGE INVERTING NON-INVERTING SUPPLY OUTPUT EMITTER CATHODE ANODE 
INPUT INPUT 
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FAIRCHILD e A78S40 o 


ABSOLUTE MAXIMUM RATINGS 


input voltage from Vt to V— 40V ‘Current through Power Switch 15A 
input voltage from V* op amp to V~ 40V Current through Power Diode 15A 
Common mode input range (Error Amplifier Internal Power Dissipation (Note 2) 

and Op Amp) -0.3 to V + Plastic DIP 1500 mW 
Differential input voltage (Note 1) +30 V Hermetic DIP 1000 mW 
Output Short Circuit Duration (Op Amp) continuous Storage Temperature Range —65°C to + 150°C 
Current from Vaer 10mA Operating Temperature Range 
Voltage from Switch Collectors to GND 40 V Military ¢4A78S40M) —55°C to 125°C 
Voltage from Switch Emitters to GND 40 V Commercial (4A78S40C) 0°C to 70°C 
Voltage from Switch Collectors to Emitter . 40V _ Lead Temperature 
Voltage from Power Diode to GND . 40 V Hermetic DIP (Soldering, 60 s) 300°C 
Reverse Power Diode Voltage 40 V Plastic DIP (Soldering, 10 s) 260°C 


= 


NOTES: 
1. For supply voltages fess than 30 V, the absolute maximum voltage is equal to the supply voltage. 


2. Ratings apply to 25°C. Above 25°C ambient, derate hermetic DIP at 8 mW/°C and plastic DIP at 14 mW/°C. 


ELECTRICAL CHARACTERISTICS: Vin = 5.0 V, Vop Amp = 5.0 V, Ta = 25°C unless otherwise specified. 
GENERAL CHARACTERISTICS 
Supply Voltage 


Supply Current 
(Op Amp Disconnected) 


Supply Current Op Amp 


REFERENCE SECTION 
Reference Voltage 


Reference Voltage Temperature 
Coefficient 


Reference Voltage Line Regulation 
Reference Voltage Load Regulation 
OSCILLATOR SECTION 

Charging Current 

ON Time 

Discharge Current 

OFF Time 

Oscillator Voltage Swing 
CURRENT LIMIT SECTION 
Current Limit Sense Voltage 
OUTPUT SWITCH SECTION 
Output Saturation Voltage 1 
Output Saturation Voltage 2 
Output Transistor hee 


Output Leakage Current 





ELECTRICAL CHARACTERISTICS: Vin = 5.0 V, Vop amp = 5.0 V, Ta = 25°C unless otherwise specified. 
POWER DIODE 
Forward Voltage Drop 
Diode Leakage Current 
COMPARATOR 


Input Offset Current Vom = Vrer 75 


Common Mode Voltage”Range Vt -2 


~] 


Power Supply Rejection Ratio | Vin 3.0 V to 40 V 

OUTPUT OPERATIONAL AMPLIFIER 

Input Offset Voltage Vom = 2.5 V 

Input Bias Current Vom =2.5V 

Input Offset Current Vom = 2.5 V 

Voltage Gain + RL = 2.0 k to GND; Vo = 1.0 to 2.5 V 
Voltage Gain - Ri = 2.0 k to Vt Op Amp; Vo = 1.0 to 2.5 V 
Common Mode Voltage Range 
Common Mode Rejection Ratiof Vom =0 to 3.0 V 

Power Supply Rejection Ratio | V+ Op Amp = 3.0 to 40 V 


“NEN 


Output Source Current 
Output Sink Current 
Slew Rate 

Output Voltage LOW 


V+Op Amp 


Output Voltage HIGH -2.5V 


$ 
& a r=) 


DESIGN FORMULAS 


STEP DOWN 


Waieevee Well VintlVoutl+¥p-Vs 
2 loutimax) 2Zloutimax) « EO 7S | 2 touriman & ers 
Vin - Vs Vin = Vs 


0.33 Vilpx 0.33 Viipk 0.33 Vilpx 


Vout + Vp Vout + Vb = Vin lVourt! + Vp 
Vin — Vs — Vout Vin — Vs Vin — Vs 


gle 


Vout+ Yo. tort Vout + Yo ~ Yin. toy IVoutl+ Vo, 
lk Ipk tok 


Ipk ot Ipk ok lok ok 
Vout + Vo Vout + Vp - Vin 1Voutl + Vp 
45 X 1075 toge(us) 45 X 1075 topes) 45 X 105 tope(us) 
lok * (ton + tort) (lok — lout)” * tote (lp ~ lout)? * tort 


8 Vripple 2 lox * Vrinpte 2 Ink * Vrippte 


i 


Vin-Ys+Vo . 7 Vout Vn=Vs | _ |Your! 
Vout + Vp - ¥s Vin I¥out! + Vo 


linfavo} 
(Max load 


<M gn 7 SOULS SO Be Nour No. 
condition) Vin — Vs + Vo 


2 Vin +1 Vouti+Vp-Vs 


é 


* Denotes Component Values 
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FAIRCHILD e .A78S40 


. 


I 
| 


cr Ipk 
OSCILLATOR 


morocco 


TYPICAL INVERSION OPERATIONAL PERFORMANCE. 
Ta = 2 : 


CHARACTERISTIC CONDITIONS TYPICAL VALUE 


OUTPUT VOLTAGE lout = 100 mA 

LINE REGULATION BV =< Vin = 18V 
LOAD REGULATION 5 mA < Igyt = 150 mA 
MAX OUTPUT CURRENT VouT = 14.25 V 
OUTPUT RIPPLE lout = 100 mA 
EFFICIENCY lout = 100 mA 
STANDBY CURRENT 


7-131 


| 200 2 F 





Prat Ne EON et es age a ee 


OUTPUT VOLTAGE 

LINE REGULATION 
LOAD REGULATION 
MAX OUTPUT CURRENT 
OUTPUT RIPPLE 
EFFICIENCY 

STANDBY CURRENT 


FAIRCHILD e .A78S40 


a7 


lout = 200 mA 

202 VN= WV 

5 mA ¢ lout = 30 mA 
Vout = 9.5 V 
tour = 200 mA 
lour = 200 mA 


TYPICAL STEP-UP OPERATIONAL PERFORMANCE 
Ta = 25°C 


OUTPUT VOLTAGE 

LINE REGULATION 
LOAD REGULATION 
MAX OUTPUT CURRENT 
OUTPUT RIPPLE 
EFFICIENCY 

STANDBY CURRENT 


CONDITION TYPICAL VALUE 


lout = 50 mA 

5V <= Vin = 15V 

5 mA < Ioyt = 100 mA 
Vout = 23.75 

lout = 50 mA 

loyt = 50 mA 

lout = 50 mA 
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DEFINITIONS, ORDERING INFORMATION 
AND PACKAGE OUTLINES 





DEFINITIONS, ORDERING INFORMATION AND PACKAGE INFORMATION 


Pe SE ae eee oe Pr ere Perry a pee ee, een oe Pan 8-3 
a enue ys are eee fe koe n= oe ee Carnes 8-4 
Sea ea ct | Re ers rr eee ee ee 8-5 
a a ae aes rea ie are: un Sar aa ar 8-7 
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DEFINITION OF TERMS 


Average Temperature Coefficient of Output 
Voltage — The change in output voltage for a 
specified change in ambient temperature. 
(AVoyT/ATa) (mVPC) 


Dropout Voltage — The input-output voitage 
differential that causes the output voltage to 
decrease by 5% of its initial value. (Vpo) (V) 


Feedback Sense Voltage — The voltage mea- 
sured on the feedback terminal of the reg- 
ulator, with respect to ground, when the de- 
vice is operating in regulation. (Vsense) (V) 


input Current — The current flowing into the 
input with a specified voltage applied to the 
input. (Ijpy) 


Input-Output Voltage Differential — The volt- 
age range between the unregulated input volt- 
age and the regulated output voltage in which 
a regulator operates within specifications. 


Input Voltage — The voltage potential between 
the input terminal and the device ground ref- 
erence. (Vijy) (V) 


Line Regulation — The change in output volt- 
age for a specified change in input voltage. 
(AVQyT/AV IN) (mV or %) 


Load Regulation — The change in output voit- 
age for a specified change in load current. 
(AVoyT/AIL) (mV or %) 


Output Noise Voltage — The rms value of the 


noise voltage measured at the output with 
constant load current and no input ripple. 
(Eno) (uV) 


Output Short Circuit, Current — The output 
current obtainable with the output shorted to 
ground or to either supply. (Isc) (mA) 


Output Resistance — The small signal ac resis- 
tance seen looking into the output with no 
feedback applied and the output dc voltage 
near zero. 
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Quiescent Current — That part of a regulator 
input current that is not delivered to the load. 
(Iq) (mA) 


Output Voltage — The voltage present at the 
output terminal referred to ground. (VQyT) (V) 


Output Voltage Range — The range of output 
voltages over which the specifications apply. 
(AVoyT) (V) 


Peak Output Current — The maximum current 
delivered by the device for a period too short 
for thermal protection to be activated. 


(lOUT(Pk)) (A) 


Power Dissipation (Max) — The maximum 
power that can be dissipated in the device with 
a given heat sink beyond which the device 
may not perform to specification. (PDp(MAx)) 
(mW) 


Reference (Control) Current — The current 
drawn or supplied by the reference control 
terminal. (REE) (uA) 


Reference Voltage — The output of the refer- 
ence amplifier measured with respect to the 
negative supply. (VpReF) (V) 


Ripple Rejection — The ratio of the peak-to- 
peak input ripple voltage to the peask-to- aug 
output ripple voltage. (dB) 


Short-Circuit Current Limit — The output cur- 
rent of a regulator with the output shorted to 
common (ground). (Isc) (mA) 


Standby Current Drain — The supply current | 
drawn by a regulator with no output load and 
no reference voltage load (see Quiescent Cur- 
rent). 


Temperature Stability — The percentage 
change in output voltage over a specified am- 
bient temperature range. (AVQyT/ATa) (VPC) 


ORDERING INFORMATION 


A standard voltage regulator order code includes three basic units of information, the device type, 
the package type, and the temperature range. Simply combining these three elements specifies 
exactly what product, package, and temperature range is desired. . 


The device type is available on the first page of each product data sheet. The package type is 
specified by a package code from the table in this section. The specific package outlines available 
for each product are listed in the columns under the type of package and the package ordering 
code. The temperature ranges available are listed on each product data sheet. There are four 
grades of commercial or industrial or consumer temperature ranges used, depending upon the 
product, specified in the ordering code by a C. There are two grades of military temperature ranges 
used, depending upon the product, specified in the ordering code by an M. An example of a com- 
plete ordering code is shown below. 


pA723 D Cc : 
Device Type Package Code Temperature Range 


The device type specifies a 723 precision voltage regulator, the D specifies a ceramic DIP ac- 
cording to a 6A outline (from the following table), and the C specifies a commercial tempera- 
ture range of 0°C to +70°C (from the data sheet). . 


All packages available for voltage regulators are specified by one of the following codes. The 


specific package outline can be determined by checking the table overleaf. Details of each package 
outline are provided following this table. 


Package Code - Basic Package Style 


D Ceramic Hermetic Dual In-Line 

P Molded Plastic Dual In-Line 

K Metal Power (TO-3 Outline) 

H Metal Can (TO-39, TO-78, TO-99, TO-100 Outlines) 
W TO-92 Outline 

U Molded Plastic Power (TO-220 Outline) 

U1 Power Watt (similar to TO-202) 

T Mini Dual In-Line 

T2 Power Mini Dual In-Line 


Temperature ranges available are listed below and specified by a suffix C for commercial ranges 
and a suffix M for military ranges. The specific range within each category is specified on each 
product data sheet. : 


Commercial/Industrial/Consumer (Suffix C) Military (Suffix M) 


0°C to +70°C —55°C to +125°C 


Additional processing to Fairchild Unique 38510 specifications is available and indicated by a OB or 
QC suffix on the order code, depending upon the processing required. Screening to the Fairchild 
Matrix Vi program is indicated by a QM or OR suffix on the order code. For detailed information; 
consult the OEM price list. 
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| 
fa 
atta 
zr 
a 


pA104 
#A105 


CERAMIC 
DIP 


PLASTIC 
DIP 


POWER : 

WATT ‘ 
= POWER 
XN MINI DIP 


(T) 


yA109 
A209 


pA304 
2 A305 
pA305A 


2 A309 
| »A376 
A723 


»A7805 
»A7806 
4A7808 
pA7812 
pA7815 
uA7818 
2 A7824 
2 A7885 


pA78C08 
pA78C10 
pA78C12 
pA78C15 
wA78C17 
pA78C18 
pn A78C20 
| pA78C22 
pA78C24 
pA78C82 


nA78CB 
pA7T8G 
pA78HO5 
pA7TBHOSA 


pATBH12 
pATBHI5 





pA78HG 


“Commercial Grade Only **Military Grade Only +Commercial Grade Only — U1 and U2 Configuration 


8-5 


PACKAGE 


yA7BL05 
nA78L09 
pA78L12 
pA78L15 
wA78L18 
yA78L24 
pA78L26 
pATBL62 
nA7BL82 


»A78M05 
uA78M06 


pA78MG 


pA7BPO05 


uA78S40 


wA7905 
uA7906 
un A7908 
pA7912 
pA7915 
pA7918 
pA7924 
pA7952 
pA79G 
pA7TIHG 


pA79M05 
»#A79M06 
nu A7T9MO08 
BATOM12 
nw AT9OM15 
pA79M20 
u#ATOIM24 
pwATSMG 


$H123 
SH223 
SH323 
SH1605 
SH1705 


CERAMIC 


PLASTIC 


AW**HJ** 
AW**HJ** 
AW*HJ* 
NEED 


(7) 


POWER 
MINI DIP 


a 
nN 
—_ 





“Commercial Grade Only **Military Grade Only tCommercial Grade Only —U1 and U2 Configuration 
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PACKAGE OUTLINES 


. 4 





























































In Accordance with AW In Accordance with HJ 
JEDEC (TO-3) Outline JEDEC (TO-3) Outline 

450 (11.43) £00 Hip 297 (7.55) 770 (19.56) 

.250 (6.35) [r ecose i 293 (7.44) [max pis: 7 067 (1.70) 
.138 (3.43) MAX. 
oe | 

SEATING PLANE Cn | fee .043 (1.09) 1 
043 (1/09) 088 0.965) 
: eae 312 (7.92) MIN Ox 
500 (12.70) Sd Ae 
.3t2 (7.92) jy. 1-197 (30.40) 
— 1. 1.197 (30.601. 1.177 (29.90) | 
675 878 (17:15) 15) 
.675 (17.15) : LEAD NO. 2 - 

LEAD NO. 2 “SBE (1664) “4 -655 (76.64) 
225 (5.71) Sens .225 (5.71) [> a a 
306 (6.20) 181(3.84) pip "208 (6:20 ius Vs - ter gan 

161 (4.09) 2 PLACES 
anit ee 2 HOLES 440 (11. ial, (1 es 
AZO (10.67) ‘ ane er S \ La 
‘ .188 (4.78) R. MAX. 3 “2 paces 
es 2 PLACES Nita Wee 
ie f -- .525 (13.34) MAX. 
.525 (13.34) MAX. y } 
¥ pi Guass—” 
GLASS COMMON LEAD NO. 1 COmmON =SREAR NG: 
NOTES: NOTES: 
Leads 1 and 2 electrically-isolated from case Leads are nickel! plated solder-dipped Alloy 52 
Case is third electrical connection Leads 1 and 2 electrically-isolated from case 
Steel base Case is third electrical connection 
Package weight is 12.27 grams Steel package with copper siug, pins are 
soldered in package weight is 9.2 grams 
s 7 + * 
In Accordance with GK Similar to 5H 
JEDEC (TO-3) Outline JEDEC (TO-3) Outline 
.780 (19.81) 
1.500 (38.1) r .760 (19.30) ‘i 
1.480 (37.59) 
- 100 (2.54) 
-835 (21.21) .376 (9.53) 085 (2.16) 
325 (8.26) - 805 (20.45) .350 (8.90) | | 
205 (5.21) r SEATING 
PLANE 
tT Lf sexrme 
— ~— PLANE .280 (7.11) 
— .260 (6.60) 
MAX. 
.312 (7.92) 
a nes peter _n| |, 030 (0.76) Dia. TvP. 
10 LEADS" 
1.197 (30.40) 
1.177 (29.90) 1qesese 
LEAD NO. 1 675 (17.14) , : 
655 (16.64) .600 (15.24) BABS 190-02) | 
oon LEAD No.2 6 (488 


2 HOLES 
.151 (3.84) 
-161 (4.09) 1.010 (25.26) 

‘ -990 (25.15) 


.159 (4.04) 
.164 (3.91) 
DIA. 2 PLACES 


440 (11.18) 
420 a 


-188 (4.78) 
2 PLACES 


LEAD NO. 3 327° 


-470 (11.94) 
DIA. PIN 


< 476 (4.47) R MAX. 
CIRCLE : 


2 PLAC 







525 (13.34) 


LEAD NO. 4 MAX. oN 
_ COMMON 54° .500 (12.70) 
DIA. TYP. 
NOTES: — NOTES: | 
Leads are gold-piated or solder dipped Alloy 52 Package material is nickel-piated CRS 1010 
All leads electrically-isolated from case Lead material is Alloy 52 


Package weight is 7.4 grams Glass material is Corning 9010 
Lead, post and base are gold-plated 


*Except 10 Leads 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 


in Accordance with 
JEDEC (TO-39) Outline 


a a3, 


DIA. 


NOTES: 
Leads are gold-plated Kovar 


Two leads through, lead 3 connected to case 
Package weight is 1.23 grams 


Similar to” 
JEDEC (TO-39) Outline 


370 (9.398) 
. {8.890} 


,040 fee 
NOTES: 
Leads are gold-plated Kovar 


Two leads through, fead 3 connected to case 
Package weight is 1.23 grams 


*Dimensions same as JEDEC TO-39 except 
for can height 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 


Similar to* 5K 
JEDEC (TO-39) Outline 


-370 (9.398) 
-350 (8.890} 
DIA. 


.040 (1.016) $40 Gosek 
025 (. :3 


SEATING 


tt 4 
i EG) 


4 LEADS .500 (12.70) MIN. 
019 (483) | 
1076 (.406) 
DIA. \ 
— 


.100 (2.54) .200 (5.08} T.P. 
TP. 


Leads are gold-plated Kovar 


Three leads through, lead 3 connected to case 
Package weight is 1.23 grams 


“Except 4 leads 


In Accordance with HA 
- JEDEC (TO-78) Outline 


(370 (9.40) 

335 (8.51) one ieee) 

"306 (7.75) 
DIA. 


.040 (1.916) 

SEATING foe r 
| | | -500 (12.70) 

esos i] yy 


.200 (5.08) T.P. 
-100 (2.54) T.P. 


NOTES: 


Leads are solder-dipped to seating plane 
Four leads through 


Package weight is 1.08 grams 





PACKAGE OUTLINES 













In Accordance with In Accordance with 
JEDEC (TO-78) Outline JEDEC (TO-92) Outline 


















aa mega 
370 (9.39) 
.335 (8.51) 338 (8.51) 75 618) 
: {7.75} DIA. 
DIA. 
dee I 5. 
.040 {1.916} —> a 
MAX. a .185 (4.69) 
| Sara Ts 
SEATING : 19) -=++=-SEATING 
PLANE a $F 
.500 (12.70) a 0 (12.70) 
S18 (048) 3 (0.48) MIN 
016 (0.41) ll [ fl . 
DIA. + 
.200 (5.08) T.P. oer ee 66 


Tes (2.54) T.P. 






NOTES: NOTES: 
Leads are solder dipped to within .040 of Leads are tin plated copper 
seating plane Package material is transfer molded thermosetting 
Six leads through plastic 
- Leads 2 and 6 are omitted ECB configuration 












Package weight is 0.95 gram Package weight is 0.25 gram 





In Accordance with 5S in Accordance with 5B 
JEDEC (TO-99) Outline _ JEDEC (TO-99) Outline 














370:(9.40) pig 
1335 (8.51) .370 (9.398) 
7 .336 (8.509) 
DIA. 
soe e. a .336 (8.509) 
+308 (7.747) | | 
DIA. 
aor is pean .186 4 699} .040 (1.016) ioe 
| MAX. .185 (4.699) 
; | | -165 (4.191) 
sears 7 a 
PLANE 
SEATING t a 
500 12. 70) SEATING | 
000. a (0.50) , | rr ne meh Seb Penne | | .500 (12.70) 
ee io a1) | 8 Leads MIN. 


-019 {0.483} 
-016 (0.406) 
DIA. 


.100 (2.54) T.P. 


INSULATING 
STANDOFF — 
SHAPE MAY VARY 


ot YF .100 (2.540) 
Nara, T.P. 


INSULATING 











STANDOFF - 
SHAPE MAY VARY 
__ 046 (1.143) 

028 (0.737) 
















.045 (1.143) 
A {.737) 





NOTES: | 
Leads are solder-dipped to seating plane Leads are gold-plated Kovar 

Seven leads through, lead 4 connected to case Seven leads through, fead 4 connected to case 
Package weight is 1.22 grams Package weight is 1.22 grams 





Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 


In Accordance with 
JEDEC (TO-100) Outline 


-370 (9.398) 
+335 (8.509) -335 (8.509) 
305 (7,747) 


.040 

(1.016) ¥ ; 

sais 7 sae}... SEATING 

10 LEADS t ee 

.019 (0.482} .040 (1.016) .500 (12.70) 
MAX. - MIN. 


8 INSULATING STANDOFF — 
SHAPE MAY VARY 


Se 
A’ ,045 (1.143) 
(629 (0.737) 


.034 (0.86 
62810711} 

NOTES: 

Leads are gold-plated Kovar 


Nine leads through, lead 5 connected to case 
Package weight is 1.32 grams 


In Accordance with 
JEDEC (TO-100) Outline 


ee BES 


020 (0.51) 
016 (0.41) 
DIA. 


Leads are solder-dipped to the seating plane 
Nine leads through, lead 5 connected to case 
Package weight is 1.32 grams 


TO-220 (5 Leads) Pentawatt 


-120 (3.05) 
100 (2.54) 


410 (10.41) 
-395 (10.03) 


600 (15.24) 
148 (3.76) -575 (14.60) 


-265 (6.73) 
.235 (5.97) 


152 (3.86) DlA- 


-190 (4.83) 


5N 


-160 (4.06) 
SEATING 


PLANE f f “ail 
055 (1.40) 020 (0.5 


So. | 
1045 (1.14) {015 (0.38) * YP. 


NOTES: 
Mounting tab electrically-connected to center lead 


Package is molded over a copper base material with 
solderable leads . 


Package weight is 2.1 grams 





Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 





TO-220 (5 Leads) Pentawatt 


' (0.64) TYP. 










-120 (3.05) 
100 (2.54 













410 (10.41) 
385 (10.03) 











067 (1.70) TYP. 





600 (15.24) _ 250 | 
578 (14.60) (6.35) 

265 (6.73) 
.235 (5.97) 


148 (3.78) 
“152 (3.86) 1 











190 (4.83) 


160 (4.06) | 















SEATING -100 (2.54) 


PHANE 1 
055 (1.40) 020 (0.51) 
045 (0.14) .015 (6.38) 


559 gee | Rebs .134 (3.40) 
«583 (14.81)- | 


.736 (18.69) 268 (6.81) a J 





















Mounting tab electrically-connected to center lead 

Package is molded over a copper base material 
with solderable leads 

Package weight is 2.1 grams 










TO-220 (5 Leads) Pentawatt GO in Accordance with GH 
(V) JEDEC (TO-220) Outline* (—3) 
Plastic Power Package 


500 (12.70) 
250 (6.35) MIN. 


lf Se (0.81) 












-100 (2.54) 











410 (10.41) 
385 (10.03) 











—— tose (0.84) TYP. 






















410 (10.41) 
600 (15.24) 020 {0.51} 391 (6.41) .395 (10.03) 
.148 (3.76) 575 (14.60) 015 (38) | : 
“152 (3.66) = ——— 





















235 (5.97) I 055 (1.40) 
ST le £800 (15.24) 7 045 (1.14) 


.265 (6.73) “a8 
(2.54) 
190 (4.83) oN 1411358) DIA. 575 (14.60) 105 (2.67) 
.160 (4.06) } . . | 265 (6.73) 095 (2.41) 
a 190 (4.83) 735 (5.97) 999 (0.56) 210 (5.33) 
177 (4.50) -160 (4.06) 016 (0.41) .190 (4.83) 
Ni 620 (15.75) ol 
























SEATING 


699 (17.75) PLANE 


110 (2.79) 
055 (1.40) “090 (2.28) 








835 (21.20) 
886 (22.50) 


NOTES: 
Mounting tab electrically-connected to center lead Package is epoxy plastic with plated copper tab - 
Package is molded over a copper base material and leads 
with solderable leads Center lead is electrical contact with the 
Package weight is 2.1 grams mounting tab 


Package weight is 2.1 grams 


*Mechanically interchangeable with TO-66 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 


3-Lead Single Side Power 8Y 


Plastic Mini DIP 


1.140 
(28.97) 


-360 i Att 
{9.14} | (10.44) 


+125 
(3.18) 
DIA. HOLE 


Package is plastic with tin-plated copper leads 

Package weight is 0.6 gram 

Center lead is electrical contact with mounting 
tab 

This package is intended to be mounted with the 
tab flush with the top of the PC board or heat 
sink. A No. 4 screw may be used to secure the 
package. Thermal compound is recommended 


4-Lead Single Side Power 8Z 
Plastic MinipipP, «= (U—1) 


Package is plastic with tin-plated copper leads 

Board-drilling dimensions should equal your 
practice for .033(0.84) inch diameter leads 

Package weight is 0.6 gram 

Tab is electrically insulated from leads 

This package is intended to be mounted with the 
tab flush with the top of the PC board or heat 
sink. A No. 4 screw may be used to secure the 
package. Thermal compound is recommended 


3-Lead Single Side Power 8Y 
Plastic Mini DIP (U—2) 


125 (3.175) 


—————— 
394 


: INDICATING ae 
MARK, NO. 1 PIN 
DIA. HOLE Le. dan 80: 16)->| 530 (13.46) 


150.015 
(3.81) (0.38) 
Lo. .280 
re 35) 
1.180 S74 


NOTES: 

Package is plastic with tin-plated copper leads 

Package weight is 0.6 gram 

Center lead is electrical contact with mounting 
tab 

For detailed package configuration, refer to 
FSB-90717 


4-Lead Single Side Power 8Z_ 
Piastic Mini pip, «= (U—2) 


826 (0.66) 


NOTES: 

Package is plastic with tin-pilated copper leads 

Board-drilling dimensions should equal your 
practice for .033 (0.84) inch diameter lead 

Package weight is 0.6 gram 

Tab is electrically insulated from leads 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES - 


Package is plastic with tin-plated copper leads T-1 package can be soldered to the PC board 

For detaited package configuration refer to through .0230" x .020” (0.584 x 0.51) slots. 
FSD-90669 Double or single-sided 

Package weight is 0.6 gram boards may be used. 


4-Lead Power Mini DIP 


J fe min. .140 


(3.56) 100 (2.54) 


150 (3.81) 


“t10 (2.54) 125 (3.18) 


-300 ' 
(7.62) 

£60 a: 
(18.76) 

£10 
(20.57) 


T-2 package is intended to be mounted with the 
Package is plastic with tin-plated copper leads tabs flush with the top of the PC board. Either 
and wings No. 2-56 screws or No. 2 rivets may be used to 
For detailed package configuration refer to secure the package. Single or double-sided 
* FSD-90670 PC boards can be used. Thermal compound 
Package weight is 0.6 gram is recommended. 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES. 






4-Lead Power Mini DIP 
De as LEAD NO. 1 


















-150 (3.81) 
100 (2.54) 


, | isn 


=— 018 (0.46) 












NOTES: T-3 package is intended for applications with an 
Package is plastic with tin-plated copper leads external heat sink. A No. 2 mounting hole is 
and wings provided for case of mounting. The tab may 


Package weight is 0.6 gram be bent to any convenient angle. 






8-Lead SSI Dual In-Line 






.384 (9.754) 
— |376 (9.550) 

























.025 R (0.635) 
.271 (6.883) : 
245 sa sa 

Ne SP Af NA 
pee en le | |__ 986 1.651) 
ce ___.026 (0.508) 045 (1.143) 
.016 (0.406) 







-060 (1.524) 
-015 (0.381) 









f_..:035 (0.889) .320 (8.128) , | 
"029 (0.737) .290 (7.366) 

.110 (2.794) | .375 (9.525) 
.090 (2.286) “—~ NOM. ~~ 


-210 (5.334) 
1906 (4.826} 





—— 
-165 (4.191) 
- 125 (3.175) 












310 (7.874) 


—— 


-290 (7.366) 
NOTES: 
Leads are tin-plated Kovar Board-drilling dimensions should equal your 
Leads are intended for insertion in hole rows on practice for .020 (0.51) inch diameter lead 
.300” centers (7.62) Hermetically sealed alumina package 
; Leads purposely have a “positive” misalignment Cavity size is .110 x .140 (2.79 x 3.56) 
to facilitate insertion - Package weight is 1.0 gram 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 


8-Lead Plastic Dual In-Line 


___-393 (9.982) 
.363 (9.220) 


.256 (6.502) f .30 R. NOM. (7.620) 


.236 (5.994) | | .375 (9.525) 
NOM. 
.310 (7.874) 
[2 7.366) 
.065 (1.651) -197 (5,004) 


.055 (1.397) NOM. 
TYP. 4 PLACES 
Ew 10° NOM. TYP. 


160 (3.810) 2 TUNES 
Tee 330 (3.302) F 


bd +_ ‘ A. 7° NOM. TYP. 
« | ~| 6 PLACES 


.150 (3.810) 
.100 (2.540) ; 
. E 

.110 (2.794) renee 


.090 (2.286) .020 (0.508) 
TYP. -016 (0.406) 


NOTES: Leads purposely have a “positive” misalignment 
Package is plastic with tin or gold-plated Kovar to facilitate insertion 


“leads Board-drilling dimensions should equal! your 
Leads are intended for insertion in hole rows on practice for .020 (0.51) inch diameter lead 
.300” centers (7.62) Package weight is 0.6 gram 
12-Lead Power Plastic Dual In-Line 


-750 (19.0) 


250 250 
r (6.35) ie (6.38) 





250 (6.35) 





* 020 (0.51) 
025 (0.64) 


-238 (6.04) 


ve ) 
106 (2.69) bs 200 isa) 
MIN. (020 (0.51) 4 (5.08) 


-400 (10.2) 


677 (17.2) 
NOTES: For detailed package configuration refer to 


Package is plastic with tin plated copper leads FSB-90698 
and wings Package weight is 0.9 gram 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 


12-Lead Power Plastic Dual In-Line 














= Y a 








-300 .020 (0.51) 
(7,62) ~~! .025 (0.63) 


.088 (2.24) 
149 } 4. 





NOTES: 
Package is plastic with tin-plated copper leads 
and wings 


For detailed package configuration refer to 
FSB-90699 
Package weight os 0.9 gram 





Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 


12-Lead Power Plastic Dual In-Line OW 
(P-5 CONF) 


020 (0.51) 


56 (0. 51) 
Tk 2) MIN. 





For detailed package configuration refer to 
Package is plastic with tin-plated copper leads FSD-90740 
and wings Package weight is 0.9 gram 


12-Lead Power Plastic Dual In-Line 


L 
ele 093 (2.36) DIA. 


me 
a a -100 (2.54) TYP. 


-750 (19.05) 


- 020 (0.51) +—. 310 
025 (0.64) (7.87) 


-015 
(0.38) 


-140 {3.56} 


: ) 
a | ‘0 -135 (3.43) LL lf 
ae -125 (3.18) 
(3.81) 7 300 (7.62) 
400 (2.54) 


-020 
(10.51) 


NOTES: For detailed package configuration refer to 
Package is plastic with tin-plated copper leads FSB-90126 
and wings Package weight is 0.9 gram 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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PACKAGE OUTLINES 


In Accordance with 
JEDEC (TO-116) Outline 
14-Lead SSI Dual In-Line 


ese 
a i do Ws ca 


.271 (6.883) Baar eg 
"345 (6.223) 


-065 (1.651) 
045 (7.143) 


SEATING 


—— eee 


PLANE 16 


STANDOFF 
NOTES: WIDTH 
Leads are tin-plated 42 ailoy 
Leads are intended for insertion in hole rows 
on .300” centers (7.62) 
Leads purposely have a “positive” misalignment 
to facilitate insertion 


Board-drilling dimensions should equal your 

practice for .020 inch diameter lead (0.51) 
Hermetically sealed alumina package 
Cavity size is .110 x .140 (2.79 x 3.56) 
Package weight is 2.0 grams 


in Accordance with 
JEDEC (TO-116) Outline 
14-Lead Plastic* Dual In-Line 


225 (0.64) 
020 (0.51) 


770 (19.56) 
740 (18.80) 





-110 (2.80) 
090 (2.29) 


050 (4.27) 
040 (7.02) 


_ £ 010 (0.25) 


310 (7.87) 
290 (7.37) i 020 (0.51) 


011 (0.28) 
009 (0.23) 


150 (3.81) “F : \ | 
10259) 49 gan) || -le-gegs3 base 
090 (2.29) eee NOM. 


TYP. STANDOFF .037 (0.94) 
WIDTH 027 (0.69) 


NOTES: 
Leads are tin-plated Kovar Package weight is 0.9 gram 


Leads are intended for insertion in hole rows . ; ; : 
on .300” centers (7.62) aca al varies depending on the 
Leads purposely have a “positive” misalignment **Notch or ejector hole varies depending on 
to facilitate insertion the product line : 
Board-drilling dimensions should equal your 
practice for .020 inch diameter lead (0.51) 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 





8-18 


PACKAGE OUTLINES 


Similar to* 
JEDEC (TO-116) Outline 
14-Lead Epoxy Quad In-Line 


770 (19.56) 


"740 (18.80) 


045 (1.14) 
035 (0.89) 


085 (2.16) 
075 (1.90) 


065 (1.65)  .080 (2.03) 


045.(1.14) 1070 (1.78) 
ee saat 325 (8.26) 
an 
a 
| 


020 (0.51} 
010 (0.25) 


SEATING 


PLANE 138 (3.51) 
“118 (3.00) 


a 


110 (2.79) 
090 (2.29) 037 (0.94) oi6 “016 (0.41) 41) 
P. 027 (0.69) TYP. 420 (10.67) 
STANDOFF “380 (9.65) 
WIDTH 


180 (4.57)! 914 (0.28) 
009 (0.23) 


NOTES: ‘ 

Package is epoxy with tin-plated Kovar leads *This is a 9A package with the leads formed 

Board-drilling dimensions should equal your in assembly. Only the notched and epoxy 
practice for .020 (0.51) inch diameter lead — version is used 


Package weight is 0.9 gram 


14-Lead Epoxy Dual In-Line 
(With Copper Slug) 


:770 (19.56) 
-740 (48.80) 


-580 (14.22) 
165 (4.19) -540 (13.72) 


O45 (1.14) 
* 035 (0.89) 


060 (2.03) 
070 (1.78) 


580 (14.73) 
310 (7.87) 
560 (14.22) 290 (7.37) 


540 (13.72) 


020 (0.51) 


150 (3.81) Pot 
L 020 (0.51) = 011 (0.28) 
100 (2.54) | I. 7 016 (0.41) 009 (0.23) 


NOTES: Board-drilling dimensions should equai your 
Package material is epoxy with copper slug practice for .020 (0.51) inch diameter lead 
” Leads are gold-plated Kovar Package weight is 0.9 gram 


Dimensions nominal, in inches. Parentheses indicate metric dimensions. 





ee 


PACKAGE OUTLINES 


14-Lead Epoxy Dual In-Line 
(Copper Slug and Heat Bracket)* 


2710 (18.03) DRILL FOR 
690 (17.53) 4— 40NC — 2B THREAD 


.18) 
790) DIA. (2 PLACES) 





Va OPTIONAL FOR TOOLING 
078 x .120 (2 PLACES) 
400 (10.16) LEAD 14 iD {1.98 x 3.05} 310 {7 87) 
1,010 (25.65) a6 757) "| 
990 (25.15) ae 
125 (3.18) 

560 (14.22) 

540 (13.72) 


420 (10.67) 
-400 (10.16) 


T 
470 (4.32) 
150 (3.81) 


ee 057 (094) STANDOFF 
140 (2.79) 037 (0.94) 
le 1.200 (30.48) 083 (2.11) 
1.160 (20.46) 073 (1.85) 


1503.81) _||,. 0200.51) ¢yp | 
083 (2.11) _, | 
: 








NOTES: Board-drilling dimensions should equal your 
Package materal is epoxy with copper slug and practice for .020 (0.51) diameter iead 


tin-plated copper bracket rn 
Leads are gold-plated Kovar Package is the same as 9H except that a 


heat bracket is attached 


16-Lead Plastic” Dual In-Line 


-026 (0.635) 
-026 (0.508) 
-770 (19.56) 


-740 (18.80) -072 (0.305) 
.008 (0.203) 


-110 (2.794) 
.090 (2.286) 


-060 (1.270) 
-040 (1.016) 


.065 (1.651) .025 (0.635) 
-045 (1.143) NOM. 


-020 (0.808) 


.300 (7.620) 
Pr 390 (7.366) O10 (0.254) 


Plane 


011 
‘008 
150 (3.810) | 44 3% || 920 0.508) |__-378 NoM. | Oo2e 
; 110 037 _||_. 
-100 (2.540) 090 ~ 027 ~|!7 .016 (0.406) (9.525) 

(2.794) (0.940) 

(2.286) _ (0.688) 

STANDOFF 


NOTES: ns 

Leads are tin-plated Kovar or Alloy 42 nickel 

Leads are intended for insertion in hole rows on * Package material varies depending on the 
.300” (7.62) centers product line 

Leads purposely have a “positive” misalignment  **Notch or ejector hold varies depending on 
to facilitate insertion the product line 

Board-drilling dimensions should equa! your practice for § ***The .037-.027 (0.94-0.69) dimension does 
.020 inch (0.51) diameter lead not apply to the corner leads 


* . Tey ME pees rey RS ee SD ee GE eee SE eee WE ee 
Seating | i a af g | 1 
| 


Package weight is 0.9 gram 





Dimensions nominal, in inches. Parentheses indicate metric dimensions. 
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FAIRCHILD SEMICONDUCTOR. .. 
FIELD SALES OFFICE AND DISTRIBUTOR LOCATIONS 


ITALY 


SALES OFFICES 

Fairchild Semiconduttori S.p.A. 
Viale Corsica, 7 

20133 Milano 

Tel. (02) 296001/5 - 2367741 /5 
Telex 330522 Fair | 


Fairchild Semiconduttori §.p.A. 


Via Francesco Saverio Nitti, 11 
00191 Roma 

Tel. (06) 3287548 - 3282717 
Telex 612046 Fair Rom, 


‘DISTRIBUTORS 


Adelsy s.a.s. 

Viale Lombardia 17/2 

40141 Bologna 

Tel: (051) 4811 49 / 47 06 22 
Telex: 51226 


A.E.P. 

Via Terracina 311 
80125 Napoli 

Tel: (081) 630 006 


Claitron S.p.A. 
Viale Certosa 269 
20151 Milano 

Tel: (02) 3088 085/7 


Compre! s.r.!. 

Viale Romagna, 1 

20092 Cinisello Balsamo (M3) 
Tel: 61 80 345 - 61 80 809 
Telex: 39484 


Gagliardi Elettronica s.n.c. 
Via Vacchieri 8 

10097 Regina Margherita (TO) 
Tel: (011) 78 01 081/2/3 

Telex: 22460 


Hellis 

Piazza Amendola 1 
41049 Sassuolo 
Tel: (059) 80 41 04 


Microlem s.a.s. 

Via Monteverdi 5 

20131 Milano 

Tel: (02) 220317 / 2203 26 


Pantronic s.r.|. 

Via Flaminia Nuova 219 
00191 Roma 

Tel: 324866 / 32 88 048 
Telex: 63405 


FRANCE 


SALES OFFICE 


Fairchild Camera and instrument 
(France) SA 
121, Avenue d'lItalie 


75013 Paris - 


Tel: (1) 5 80 55 66 
Telex: 260937 - 200614 


DISTRIBUTORS 


Aimex SA 

48, Rue de L'Aubepine 
9160 Anthony Cedex 
Tel: 666 21 12 

Telex: 20067 


Martec 
36, Rue Louis Pasteur 
92100 Boulogne 


R.E.A. 

9, Rue Ernest Cognacq 
92300 Levallois 

Tel: 758 11 11 

Telex: 620630 


Scientech 

11, Avenue Ferdinand Buisson 
75016 Paris 

Tel.: 609 91 36 

Telex: 26004 


Societe Aufray and Cie 
45, Rue Gustave Nicolle 
76057. Le Havre Cedex 
Tel: 1635 21 34 00 


Societe Aufray 
Entrepots de la Asse Seine 
Zone _ Industrielle 
76800 Saint Etienne du Rouvray 
Tel: 16 35 65 2 22 


Feutrier 

Avenue des Trois Giorieuses 
42270 Saint Priest en Jarez 
Tel: 15 77 74 67 33 

Telex: 300021 


Societe Gros S. 

13, Avenue Victor Hugo 
59350 Saint Andre les Lille 
Tel: 16 20 51 21 33 

Telex: 120257 


Societe Gros S.A. 

14, Avenue du General Leclerc 
54000 Nancy 

Tel: 15 28 24 22 

Telex: 8507 


$.C.T. (Societe Commerciale 
Toutelectyic) 

15-17, Boulevard Bon Repos 
31008 Toulouse Cedex 

Tel: 15 61 62 114 33 

Telex: 531501 


S.R.D. (Societe de Representation 


et de Distribution) 

88,' Rue du Commandant Mages 
13001 Marseille 

Tel: 1591 503355 / 64 23 78/79 
Telex: 440076 


DIMEX 

12, Rue du Seminaire 
94150 Rungis 

Tel: 686 52 10 

Telex: 200420 


SPAIN 


DISTRIBUTORS 


Kontron, S.A. 
Division Electrénica 
Costa Brava, 13 
Mirasierra 

Madrid - 34 

Telf: 734 84 13 
Telex: 23382 KONT E 


Kimates Iberica, S.A. 

Avda. Grimo. Franco 618, 5.° B 
Barceliona-15 

Telf: 230 02 04/230 02 05 
Telex: 52927 ECROS E 


REPRESENTATIVES 


Fagor Electrotecnica, §. Coop. 
San Andres s/n 

s/n. Apartado 33 

Mondragén (Guiptizcoa) 

Tel: 79 12 44 

Telex: 31621 FAGO E 


GREECE 


REPRESENTATIVE 


Hellenic Scientific Representations [td 
11 Vrassida Street, 

Athens 612 

Tel. 711.140 - 713.154 

Tix. 219330 GR 


GERMANY 


SALES OFFICES 


Fairchild Camera and Instrument 
(Deutschland) GmbH 

Daimlerstr. 15 

8046 Garching-Hochbrueck 
W-Germany 

Tel: (089} 32 00 31 

* Telex: 0524831 fair d 


Fairchild) Camera and Instrument 
{Deutschland) GmbH 

3000 Hannover 

Deitzenstrasse 15 

Tel: (0511) 178 44 

Telex: 09 22922 


Fairchild Camera and Instrument 
(Deutschland) GmbH 1 

8500 Nuernberg 
Waldluststrasse 1 
Tel: (0911) 40 70 05 
Telex: 06 23665 2 


DISTRIBUTORS = 


Elektronik 2000 Vertriebs GmbH 

8000 Muenchen 80 

Neumarkter Str. 75 

Tei: (089) 43 4061 - Telex: 0522561 


Technoprojekt 
Heinrich-Ebner-Str. 13 

7000 Stuttgart 

Tel: 561712 - Telex: 07254490 


Elcowa GmbH 

6200 Wresbaden-Schierstein 
Zeifstrasse 32 

Tel: (06121) 23001 

Telex: 04 186 202 


Berger Elektronik GmbH 
6000 Frankfurt 

Am Tiergarten 14 

Tel: (0611) 49 03 11 
Telex: 04 12649 


Unitronic GmbH 
4000 Duesseldorf 30 
Muensterstr. 338 
Tel: (0211) 63 42 14 
Telex: 08 586434 


Speziai Electronic KG 
Kreuzbrelte 15 

3062 Bueckeburg 
Tel: (05722) 10 11 
Telex: 0971624 

IBH Ingenieurbiro Harm 
Gutenbergring 35 
2000 Norderstedt 

Tel: (040) 52 31 933 
Telex: 2174188 

Dr. Dohrenberg 


1000 Berlin 30 
Bayreuther Str. 


Tel: tea) 2 13 8D 45 - Telex: 01 84860 





AUSTRIA 
AND EASTERN EUROPE 


SALES OFFICE 


Fairchild Electronics 
Schwedenplatz 2 
A-1010 Wien 

Tel: (0222) 63 58 21 
Telex: 75096 


DISTRIBUTORS 


Ameisgasse 49-51 
A-1140 Wien - Austria 
Tel: (0222) 94 86 11 
Telex: 12344 


BENELUX 


SALES OFFICE 


Fairchild Camera and 
Instrument GmbH 

Paradijslaan 39 

Eindhoven - Holland . 

Tel: (040) 446909 - Telex: “51024 


DISTRIBUTORS 


Rodelco Sa/Nv 

Av. H. Hooverlaan, 32 
B-1200 Brussel 

Tel: (02) 73 54 137 
Telex: 61415 


Inelco Nederland BV “ 
Joan Muyskenweg 22 

NL-1006 Amsterdam 

Tel: (020) 93 48 24 

Telex 14622 


SCANDINAVIA 


SALES OFFICE 


Fairchild Semiconductor AB 
Svartengsgatan 6 
S-11620 Stockholm 
Te}: (08) 449255 - Telex: 


DISTRIBUTORS 

E. Friis-Mikkelsen A/S 
51 Krogshojvej 
DK-2886 Bagsvaerd 
Tel: (02) 986333 - Telex: 22350 
Findip AB 
Teollisuustie 7 

P.O. Box 34 

SF-02700 Kauniainen 
Tel: (90) 50 22 55 
Telex: 123129 


Datamatik AS 
Ostersjoveien 62 
Oslo 6, Norway 
Tel: (02) 26 63 30 
Telex: 16067 


Nordqvist & Berg 

P.O. Box 9145 

§-10272 Stockholm 

Tel: (08) 69 04 00 
Telex: 10407 

ITT Multik: 
Ankdammsgatan 32 
§-171 43 Soina Sweden 
Tel: (08) 83 51 50 
Telex: 10516 


ITT Electronic Service Danmark 
Fabriksparken 3t 

DK - 260 Glostrup - Denmark 
Tel: (02) 45 22 45 

Telex: 33355 


Multikomponent 
Kuortaneenkatu 1 

SF-00510 Heleinkl 51 Finland 
fel: 90-73 90 19/73 90 94 
Telex: 121450 


17759 


R.1.Z. 

Bozidariceva 13 

YU-41000 Zagreb 

Tel: (041) 644696 - Telex: 21288 


OTHER DISTRIBUTORS. 


W. Moor AG 

Bahnstr. 58 

CH-8105 Regensdorf 

Tel: (01) 8 40 66 44.- Telox: 52042 


Primotec AG 

Wettingerstr. 23 

CH-5400 Baden 

Tel: (056) 26 52 62 - Telex: 58949 
STG international Ltd. 

Tei Aviv - Israel 

Huberman Street 10 - P.O. Box 1275 
Tel: (03) 248231 - Telex: 32229 


UNITED KINGDOM 


SALES OFFICES 
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